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k.

OPERATIONAL MANUAL FOR TWO-DIMENSIONAL

TRANSONIC CODE TSFOIL

By Stephen S. Stahara
Nielsen Engineering & Research, Inc.

1. SUMMARY

A detailed operating manual is presented for the computer code TSFOIL
recently developed by Murman, Bailey, and Johnson at NASA/Bmes Research
Center. This code solves the two-dimensional, transonic, small-distur-
bance equations for flow past lifting airfoils in both free air and vari-
ous wind-tunnel environments by using a variant of the finite-difference
method initially proposed by Murman and Cole. A description of the theo-
retical and numerical basis of the code is provided, together with com-
plete operating instructions énd sample cases for the general user. In
addition, a programmer's manual is also presented to assist the user
interested in modifying the code. Included in the programmer's manual
are a dictionary of subroutine variables in common and a detailed des-

cription of each subroutine.



2. INTRODUCTION

During the past several years, the rapid growth and development of
numerical techniques capable of treating the nonlinear equations of tran-
sonic flow past aerodynamic configurations has generally resulted in a
wealth of research computer programs but a lack of adequately documented
user-oriented codes. In light of this, the present work was undertaken

with the dual objectives of:

(1) providing a computer code which is capable of solving a general
class of two-dimensional, transonic, small-disturbance flows, and which

incorporates as many of the recent advances in the theory as possible and

(2) providing a systematically organized, user-oriented code with
complete documentation to allow easy extension and modification for new

applications and improvements.

A summary of the features and capabilities of the computer program was
given in reference 1. This document provides an operational manual of

the code, and includes a full description of the method of solution.

Although the basic solution technique used in the program is based
on the original work of Krupp and Murman (refs. 2 and 3) various improve-
ments and extensions have been incorporated in the version presented here.
These include a simplified procedure for converging to the proper circula-
tion for lifting airfoils (refs. 4 and 5), the appropriate difference
operator to be used at shock waves (ref. 6), the evaluation of inviscid
drag using momentum contour methods (ref. 7), wind-tunnel wall simulations
(ref. 8), calculation of M, > 1 transonic flows (ref. 9), the acceler-
ated spread of circulation throughout the flow field for M < 1 free air
flows (ref. 10), an analytic mesh (ref., 11) as well as a mesh cutting
option to speed convergence, a successive line overrelaxation procedure
based on the correction potential (ref. 12), and a pseudo-time term (ref.
12) to aid stability.

The operating manual presented here has been subdivided into two
general categories. The first category is presented in section 4 and is
a General User's Manual. In that section, a aescription of the problem
solved by the code is given, including a discussion of the differential
equation, geometry, boundary conditions, and numerical formulation of the
problem, together with a description of the general operating procedure
of the code, overall program flow chart, input/output description, error



messages, and sample calculations. All the information necessary to run
the code are provided in that section. 1In section 5, a Programmer's Manual
is presented to assist the user who wishes to modify the code to incorpo-
rate additional features or to extend the code beyond its present capa-

bilities. Included in that section is a dictionary of all subroutine

2 a1 which appear in common 1]\ 1

variao.iLes wiiic appear in comnon oioc n of the

individual subroutines. In order to provide a user-code that will readily
accommodate modificétions, the program has been modularized in the sense
that numerous (53) special-purpose subroutines have been used, rather than
one large main program. Consequently, should the user not require some of
the special calculations or output provided by the code, deletions can be

made simply and directly.

In reference 1, it was noted that a number of computational problems,
which are repeated here for convenience, existed in the version of the
code then available. Some of those problems have since been alleviated
by improvements to that initial version. In particular, the computation
of lifting airfoils in supersonic free streams, which had proved trouble-
some, has been improved by the addition of a pseudo-time term as discussed
in detail in section 4.1.5, and also by the introduction of an analytical
mesh suggested in reference 1l. A characteristic difficulty with M_ > 1
flows is that the maximum iteration error may initially decrease mono-
tonically to a certain level, and then oscillate about that level, or in
more severe cases, diverge. The maximum error almost always occurs at
points near the airfoil and close to the bow or trailing edge shocks, or
the locations where those shocks cross the mesh outer boundary. Addition
of the pseudo-time term has served to stabilize this feature of the calcu-
lation, particularly when mesh cutting has been employed and the switch
is made to the next finer mesh. Use of the analytic mesh frequently has
served to preserve the monotonic convergence behavior of the solution,
presumably both by the clustering of points near the leading and trailing

edges and the expansion of points near the mesh boundaries.

Addition of these two features has also served to enhance the con-
vergence of M < 1 flows. For example, converged solutions were achieved
for a number of transonic flows past the 642410 airfoil which could not
previocusly be obtained with the earlier version. Also, supercritical
flows for which the shock wave on the airfoil upper surface reached the
trailing edge had proven difficult to calculate. For these cases, use of

the analytic mesh appears to aid convergence considerably.



However, the occurrence of irregularities in the solution near the
leading edge, as noted in reference 1, remains in the present version.
Although these also appear in Krupp's results (ref. 2), in the current
program they are predicted to be somewhat stronger. These dissimilarities
may be due to the slight differences in numerical procedures used. Of
course, one of the inherent deficiencies in any first-order, small-distur-
bance theory is the inaccurate treatment of the leading edge. A more
accurate treatment, such as those suggested in references 13 and 14, has
not been incorporated in the program, although a Reigel's rule option has
been added.

The program has been written in FORTRAN IV source language and devel-
oped for use on a CDC 7600 computer using the OPT=2 compiler. The memory
requirements are (57K)8 and (30K)8 words for small core and large core,

respectively.
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3. LIST OF SYMBOLS

coefficient matrix, equation (36)

airfoil choxd

column vector con?gﬁning values of thg gorregtibn potential
.C4.4i along the 1 column of the finite-difference mesh,
eghation (47)

drag coefficient, equation (34)

correction potehtial, equation (42)

pitching-moment coefficient, equation (33)

pressure coefficient, equation (28)

pressure coefficient associated with the airfoil upper surface

pressure coefficient associated with the airfoil lower surface

column vector associated with the ith column of the finite-

difference grid, equation (46)

nondimensional wind-tunnel slot parameter, equation (20)

dimensionless affine function describing, respectively, the
ordinates of the upper and lower airfoil surface, equation (7)

ratio of wind-tunnel half height to airfoil chord

transonically scaled tunnel half height to airfoil chord ratio,
equation (22)

indices identifying the grid point at the ith  column and jth
row

exponent of Mach number in similarity definition of the small-
disturbance equation, equations (2) and (6)

transonic similarity parameter, equation (5)

nondimensional spacing of slot centerlines, normalized by c;
equation (20)

exponent of Mach number in similarity definition of transoni-
cally scaled y coordinate, equation (4)

local Mach number, equation (30)
free-stream Mach number

exponent of Mach number in similarity definition of velocity
potential, equation (1)
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pressure

nondimensional experimentally determined wind-tunnel porosity
parameter equal to 2¢y(x,iH)/prall(x,iH)/qm, equation (19)

transonically scaled wind-tunnel porosity parameter, equation
(23)

shock-wave total pressure loss

free-stream pressure

free-stream dynamic pressure

residual matrix, equation (45)

nondimensional slot width, normalized by c¢j; equation (20)
free-stream velocity

nondimensional Cartesian coordinate system with x axis
directed rearward and aligned with the free stream;
coordinates normalized by c

equal to (cx,cy)

transonically scaled y coordinate, equation (4)

ordinates of the upper (u) and lower (f) airfoil surface,
equation (7)

angle of attack

circulation, equation (12)

far-field circulation, eguation (13)
ratio of specific heats

airfoil thickness ratio

parameter multiplying pseudo-time term At¢,i/Ax in small-
disturbance partial differential equation, equation (48)

local flow angle, equation (29)

switching parameter, equation (37)

disturbance velocity potential, eguation (1)

total velocity potential, equation (1)

dimensionless perturbation velocity potential, equation (1)

asymptotic far-field solution of the perturbation velocity
potential



AP (x)

Jump in-perturbation velocity potential along trailing vortex
wake, equations (14) and (16)

jump in perturbation velocity potential at the trailing edge,
equation (12)

relaxation parameter, equation (44)
relaxation parameter for elliptic points, equation (44)

relaxation parameter for circulation, equation (13)



4., GENERAL USER'S MANUAL

4,1 Description of Program

This section provides an overall description of the program, a brief
discussion of the theoretical and numerical formulation of the problem
solved by the code, including a description of the differential equation,
airfoil geometry, boundary conditions, and finite-difference method. Also,
the general operating procedure of the code is reviewed and an overall

program flow chart is provided.

4,1.1 Differential equations and transonic scaling.- The partial

differential equation solved by TSFOIL is the transonic small-disturbance
equation for the perturbation velocity potential cast in terms of transonic
similarity variables. Because of the nonuniqueness of the scaling, various
forms have been adopted by different authors. If ($,¢) are, respectively,
the physically and transonically scaled perturbation potentials, the
various forms can be combined in the following general manner:

62/3

In
(=)

E(X',y') = cU_[x + d(x,y) + ...] = ch[x + ¢(x,§) + ...} (1)

where c¢ is the airfoil chord, U, and M, respectively, are the free-
stream velocity and Mach nuﬁber, 8 1is the airfoil thickness ratio, (x,y)
are the physical Cartesian coordinates (x',y') normalized by airfoil chord,
and Yy the transonically scaled y coordinate given below. Now, (&,9)

satisfy
- M _x + 1 kg2 =
[(1 M2) o, : Moofbx]x + o, ], =0 (2)
Yy +1 .2 oo =
[K¢x 2 <Z>x:lx + [(by]y 0 (3)
where
§ = 61/5M$ v (4)
1-M2
K 62/3Mim (5)



and the exponents (k,m,n) are related by
k =2m+ n (6)

The different forms of the transonic similarity variables depend essen-
tially on the particular choice of the exponents (k,m,n), and Table I
provides a summary of the particular values proposed by Cole, Spreiter,
or Krupp which have been incorporated into the program. The partial
differential equation actually solved by TSFOIL is then equation (3).

4.1.2 Geometry.- The coordinate system used in the program is the
Cartesian system shown in figure 4-1, with the airfoil located along the
x-axis between 0 and 1, at angle of attack, o, and with a shape given by

yu’z(x) = 6Fu,£(x) 0<x<K1 (7

where (u, ) denotes the upper and lower surfaces, and Fu’g(x) is a
function of order one describing the ordinates of a family of affinely
related airfoils. Default profiles incorporated into the program are
the parabolic-arc

Fu,z(x) = +2x(1 -x) (8)
the NACA four-digit series
Fu z(x) = +(1.4845/ X - 0.63x - 1.758 x2 + 1.415x% - 0.5075 x*) (9)
3
and the Korn airfoil described in reference 15. Provision has been made

in the program for the user to input a profile of his choice by either a
formula or a table of ordinates.

4.,1.3 Boundary conditions.- The boundary conditions applied to this

problem consist of the flow tangency condition at the airfoil surface, a
condition for lifting airfoils assuring the value of circulation be unique,

and some far-field conditions to be satisfied on the outer boundaries of

' the computational mesh. Within the framework of small-disturbance theory,

the tangency condition at the airfoil can be linearized and applied along
the slit y =0, 0 < x< 1 as

dr, (x)
by e,0") = TR - 2 o



- dF , (x)
05 (x,07) = —F— - & (11)

For lifting airfoils, two options have been incorporated in the
program to insure that the circulation is unique. The first is the usual
Kutta condition which is satisfied by requiring that ¢, (pressure) be
continuous along the line ¥ = 0, x > 1, and that ¢? (flow angle) be
continuous across y = 0, x > 1. The disturbance potential ¢ remains
single-valued by introduction of a cut along the Yy = 0 axis downstream
of the airfoil along which ¢ is discontinuous, jumping by the value

of the circulation TI' defined by
r= - Sﬁ dop = A¢te _ (12)

where the contour is taken around the airfoil surface, and the resultant
integral is equal to the jump in potential at the trailing edge. The
circulation Pff used in the asymptotic far-field solutions to update

the outer boundaries is determined from the relation

n+1 n

— _ n _ n
Peep = Teg wP(Pff Aq)te) (13)

where wr is the relaxation factor for circulation and n is the itera-

tion count. The updated jump in potential A¢(x) along the slit § = 0,
¥ > 1 is calculated by the program according to the formula
n x -1 ( n+l

— n
Ap(x) = Mo v —— 1 Mgz - Pff> (14)

From the results of reference 4, a value of circulation relaxation factor

w, = 1.0 (default value) is recommended. This implies that the updated

r
far-field circulation be set equal to the new jump in potential at the

trailing edge,
n+1 _ n
Feg = A¢te (15)

and that the jump in potential along the trailing vortex wake be held
constant and equal to

n

te (16)

AP (x) = AP

10




Numerical experimentation has shown that the simpler representation of
equations (15) and (16) gives the same results and convergence rate as
both the method of Krupp (ref. 2) and the closely related procedure of
equations (13) and (14).

The second option available to insure uniqueness of circulation is
to specify the 1lift. In this case, the Kutta condition is not satisfied,
and the pressure becomes double-valued at the trailing edge. The jump in
potential at the trailing edge, as well as the far-field circulation, and
the potential jump along the trailing vortex wake are given by

(c.)
= A¢(x) = _L_S_EE (17)

=T

te £f

where (CL) is the specified l1lift coefficient.

SET

For conditions at the outer boundaries, provision is made in the
program to represent free air flows and various wind-tunnel wall simula-
tions for both M < 1 and Mo> 1. For subsonic free air flows, the
program incorporates the asymptotic far-field solution ¢ff given by a
compressible vortex and doublet, while for supersonic free air flows the
appropriate far-field conditions incorporated are that the perturbation
velocities ¢x’¢§ vanish at the upstream boundary and that the outgoing
wave condition

¢z = +/K o, (18)

be enforced at the top and bottom boundaries in order to prevent reflected
waves. Strictly speaking, for M_ > 1, no condition is required at the
downstream boundary if as we assume it is sufficiently far removed down-
stream so that the outflow is entirely supersonic. However, for actual
numerical application, some condition is needed (ref. 8) to treat subsonic
outflow which may develop during the course of the relaxation solution
process prior to convergence. By numerical experimentation, the condition
¢x = 0 was found to be satisfactory. Figure 4-2 summarizes these condi-
tions for free air calculations.

For wind-tunnel simulations, the classical homogeneous tunnel wall

boundary condition

1
¢ (x,H) + FHd)Xy(x,iH) £ 5 O, (x,4H) =0 (19)

11



is applied at the tunnel walls y = + H. Here, H is the ratio of tunnel
half height to airfoil chord, F is the tunnel slot parameter, and P is
the porosity parameter which accounts for viscous effects in the slot and
must be determined experimentally. A simplified analysis has been made

by Baldwin, et al. (ref. 1l6) for the slot parameter F, which he gives as

F=TTLH,Zn[csc (%)] | (20)

where L is the spacing between slot centerlines and S is the slot
width, both normalized by airfoil chord. The program uses equation (19)
in the similarity form

by (6,2) 2 FHo (e, ) + T ozix, ) = 0 (21)
P

where (H,P) are the transonically scaled tunnel half height and porosity
given by

o

= s/ (22)

o
|

= p/ (/M%) (23)

The following subcases of equation (19) have been incorporated into the

program as separate options

¢§(x,iﬁ) =0 Solid wall (24)

¢x(x,iﬁ) =0 Free Jet (25)

Bo_ (x,+H) + ¢~(x,+H) = 0 Ideal Perforated/ (26)
X Y Porous Wall

¢x(x,iﬁ) + Fﬁ¢x§(x,iﬁ) =0 Ideal Slotted Wall (27)

while the general case has not yet been included. For tunnel flows, the
upstream and downstream conditions used are the following. For M, <1,
the asymptotic far-field solution ¢£¢ which satisfies equation (19) and
the linearized version of the differential equation (3) is used. The case
of choked flow, as treated in reference 17, has not been included in the
program. For M_ > 1, the conditions ¢x’¢§ = 0 are enforced at the

12
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upstream boundary, while the flow is required to be supersonic at the down-
stream boundary and the condition ¢X'= 0 is employed, as in the supersonic

free air calculation. These conditions are summarized in figure 4-3.

4.1.4 Aerodynamic'variables.— The aerodynamic quantities of interest
output by the program are given below in terms of the small-disturbance
similarity potential ¢(x,y). These include pressure coefficient, Cps
flow angle, 6, local Mach number, M, shock wave total pressure loss,
[Pol/P,, and coefficients of 1lift, C;, pitching moment, Cns and drag, Cp.

_ s2/3 -n
c, = 8%/ " (-2¢ ) (28)
6 = 6¢’§' (29)
M = | 1-[x- (v + l)¢x]52/3M§m}1/2 (30)
[Po] 14 52 Yy + 1) 3 31
B~ + 12 (o, 1g (31)
1
c, = - f(CPU - cp ) ax (32)
[¢]
1
c, = J((X - x) (Cpy - ch)dx (positive nose-up) (33)
o]

c, = &7/ °m" Sﬁ[xcpf{ - 65 - % (v+1)9] ]| o ppax - TEL f[¢xlz agp (34)
c soC

where [¢_]

s is the jump in the streamwise perturbation velocity across a
shock.

4.1.5 Numerical formulation.- The numerical formulation of the

problem together with the techniques employed to solve it are presented in
this section. The numerical solution of the problem is initiated by re-
placing equation (3) by the following finite-difference form given by
Bailey and Ballhaus in reference 18.

13



{(l-u’j,i) Aj,i[(¢x)j,i+l/2 - (¢X) j,i—1/2]

+ "Lj,i—z Aj,i—l[(¢x) j’i—1/2 - (¢X) j,i—3/2]} / (xi+l/2 —Xi_l/z)

* (@ 50 /0,57 @Y 5070,5] 4 Wannge m¥30y) = 0 39
where
_ M2 k
Aj,i =1 M_ (y + l)Mm(¢x)j,i (36)
0 for A. . ¢}
J,1 > 37)
"3,1 T 1 £ A, . <O |
or .
J,1
. . - . .
i+l J,1
(b.) s - = —da2? . (38)
x'j,i+1/2 X5 X
b R
+1,1 q,1
(¢ ) - L= et a2 | oetc. (39)
y' j+i/2,1 Yi41 ~ Y5
and (¢x)j i in equation (36) is approximated by
’
(@) 5 =5 [0, | T I I (40)
x'j,1 2 x'j,i+1/2 x'J,i-1/2
This form of the difference equation with the switching parameter uj i
b4
encompasses the four operators of Murman's fully conservative relaxation
(FCR) method (ref. 15); that is, elliptic (uj jo1 = o, uj i = 0) , hyper-
. 3 H
bolic (uj,i—l =1, uj,i = 1), parabolic (uj,i—l = 0, uj,i = 1), and shock
point (uj P 1, uj i = 0), and for evenly spaced meshes is identical to
? H

that method. For unequally spaced meshes, the first term differs from

Murman's (ref. 19) by a factor of (xi - Xi—E)/(x' - x )} in hyperbolic

i+ i-1
regions. The finite-difference equation (35) can be cast in the following

form

14



(-, .)A. . (CXXL, ¢J - CXXC.¢d. . + CXXR, 9., )

Jj,1'77 3,1 i-1 17,1 ivj,i+1
+ p'j,i—lAj,i—-l(CXXLi—l(z’j,i—z - CXXCi—1¢j,i-1 + CXXRl 1¢j, ;)
+ CYYD . = CyycC . + CYYU = 0 41
J¢J 1,1 J¢J, J¢J+1 i (41)

where the coefficients (CXXLi, CXXC;, etc.) depend on mesh geometry only
and can be deduced from equation (35). Although equation (41l) forms the
basis of the numerical analysis, the solution technique actually employed
in the program is similar to that recently suggested by Jameson (ref. 12)
in which the difference equation (41) is recast in terms of a correction

potential Cj i defined by

= o0 .+ C. (42)

¢j,i Jsi i, 1

where n represents the current iteration cycle.

The governing equation for C. i is determined in the following
3

fashion. First, we consider the difference equation (41l) in which the

values ¢j i of the potential along the current column are replaced by
. 3. ~ n+1 n+1 n
tﬁelr prov131onal values ¢j i while the wvalues (¢J PR ¢j,i—2’ ¢j,i+1’
Aj fe1? J ;) are used to evaluate the remaining terms. Similarly, we
2
define a re51dual Rj i by considering the same equation but with the
H
result ¢ i used for ¢j e By subtracting those two equations and
3
then ellmlnatlng ¢ i by use of the overrelaxation formula
,
n+1 n ~ n
.. o= 0. .+ L. o= DL 43
951 = ®5,1 t o By 4 - % ) (43)
where
Wy s 1< Wy < 2 for locally subsonic flow (Aj i > 0)
b
w = (44)
1 for locally supersonic flow (Aj i < 0)
3
the following difference equation results for Cj it
3
-(1- )AL oxxe /o, + AT . CXXR c
{ uj,i j LD LLJ i-1 Jal 1 i-1 j:l
(45)
+ CYYD.C. . + CYYU, C. . = =R. .
J J-1i,1 J I+, J,1
We note that in the derivation of equation (45), new values ¢q+; rather
than provisional values ¢. . are used to evaluate ¢ at bth subsonic

> 1 YY
and supersonic points. As pointed out in reference 12, this avoids a

15



discontinuity in ¢YY at a sonic line.

The solution of equation (45) then proceeds by using an iterative
successive line over-relaxation (SLOR) algorithm as follows. The system

of equations for each vertical line is written as
AC., = £, (46)

where Ei -1ls the J dimensional column vector

c. = . (47)
Cc. .
j,i

A is a J X J dimensional, diagonally dominant, tridiagonal matrix, and
£f. is a J dimensional column vector. The solution process consists of
making an initial guess for ¢, and then successively sweeping the grid
from the upstrgam to downstream boundary, solving for new values of Cj,i
from equation (46) by direct elimination using the method of triangular
decomposition, and then determining new values of ¢ from equation (42).
The initial guess for ¢ may be selected from a uniform flow (¢ = 0)

or a previous case stored in core or on a peripheral unit. With regard
to the over-relaxation parameter Wy s acceptable values on a fine mesh
for w are 1.8 < Wy < 1.95, although optimum values for particular

e
applications must be determined by numerical experimentation.

A mesh refinement option has been incorporated into the program to
enhance the rate of convergence. Under this option, the user may elect
to initiate the calculation either on a mesh (medium mesh) obtained by
deleting every other mesh point of the input mesh (fine mesh), or on an
even coarser mesh (coarse mesh) obtained by again deleting every other
point on the medium mesh. 1In the latter case, the iterative solution is
started on the coarse mesh, and after appropriate convergence is reached,
continued on the medium mesh, and then completed on the input mesh. Also,
in order to improve stability and aid convergence, an option has been
provided in the program to add the pseudo-time term in the form

At
T ¢ ax Pxt (48)

where
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to the left-hand side of equation (45) as suggested in references 12 and
18. The parameter € is an input parameter with a value in the range

0 < € < 1. Considerable improvement in stability and convergence has

been obtained in a number of both subsonic and supersonic free-stream
calculations when this term is added. However, this result is not true
for all cases and extensive.numerical experimentation to determine optimum
values for € has not yet been carried out. Consequently, the user must,
of necessity, determine suitable values for his particular application.

An appropriate first guess would be € = 0.2 which is the default value.

Finally, we note that the numerical methods used in this program are
of the shock-capturing, rather than shock-fitting type. This means that

shock waves are spread over several mesh intervals and do not appear as

sharp discontinuities. Calculations have shown (ref. 19) that for sub-
sonic flow downstream of shock waves, four mesh points are sufficient to
capture the shock jump; whereas for supersonic downstream flow, six to

ten points are required. The latter is due to dissipation effects which
dominate the first-order accurate hyperbolic operator in equation (35),
and smooth out shocks to that extent. This is a weakness in the method if
sharp supersonic oblique shocks are required, and necessitates special
indentations of the momentum contours used to calculate the inviscid drag
for all cases where M, > 1, and also for cases where M < 1 when tail
plus wake shocks occur. See subroutine CDCOLE in section 5.2 for a

description of the momentum contours incorporated in the program.

4.1.6 Operating procedure.- The general operating procedure of the

program is straightforward and is described in this section. First, the
main program prints all of the input cards (ECHINP), then reads the input
for the first case, checks it for errors, assigns default values to those
parameters not specified, and then prints all of the input parameters
(READIN) . Next, if the input was in physical rather than transonic form,
the appropriate scaling is applied to render all the necessary variables
into transonic similarity form (SCALE). The unit-strength boundary

data on the far~field mesh boundaries are then computed (FARFLD). Next,
the geometrical characteristics of the airfoil that are required in

the finite-difference calculations are determined (BODY). The medium and
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coarse meshes are then established if the user has opted to use the mesh
refinement option (CUTOUT). Next, the ¢ array is initialized (GUESSP),
and then the various difference coefficients that depend on mesh size are
calculated for the current mesh (DIFCOE). The I and J indices for
solving the difference equations are set, and the airfoil slope boundary
condition is multiplied by mesh spacing constants for use in the finite-
difference calculation (SETBC). The relaxation solution of the difference
equations is then carried out in an iterative fashion by sweeping the flow
field from upstream to downstream boundaries with convergence information
being output after a specified number of sweeps (SOLVE). If the calcula-~
tions have been carried out on an intermediate mesh, flow field information
on the dividing streamline, including the airfoil, are printed (PRINT1),
and then mesh points are added to obtain the next finer mesh (REFINE).

The sequence of relaxation calculations are then repeated (DIFCOE, SETBC,
SOLVE, PRINT1) until the final mesh is reached. At this point, the final
fiow information is output (PRINT), the solution stored for later use
(SAVEP) , and the calculation for the next case begun. If the solution
should diverge during the course of the finite-difference calculation
(SOLVE), the computation is then aborted,.with portions of the final
printout (PRINT) provided to assist the user in determining the cause

of the difficulty.
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4.1.7 oOverall program flow chart.- An overall program flow

is provided below to illustrate the logical flow of the code.
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4.2 Program Input

The input required by the program is described in this section. A
dictionary of input variables is provided first, followed by a description
of the various input control options available to the user. All
default values of the input variables are given next, followed by
scription of the input data format including preparation of a sample run.

4.2.1

Dictionary of input varial

les.- All variables t

to this program are described in the following list.

VARIABLE DESCRIPTION

AK transonic similarity parameter; equal to l—Mi/M2m62/3
where m is defined in Table 4-I according to the type
of transonic scaling used; input required only if tran-
sonic scaling used in input/output; that is, PHYS = .F.

ALPHA angle of attack, a, in degrees for PHYS = .T.

AMESH (logical)

BCFOIL (integer)

control option for specification of analytical default
mesh; equal to .T. or .F.

control option for specification of airfoil geometry;
equal to 1, 2, 3, or 4

BCTYPE control option for type of flow environment; equal to 1,
2, 3, 4, or 5

CLSET specified 1ift coefficient; input only if Kutta condition
not enforced; that is, KUTTA = .F.

CVERGE convergence criterion for maximum iteration error in ¢

DELTA airfoil thickness ratio §

DVERGE divergence criterion for maximum iteration error in ¢

EMACH free-stream Mach number, M_; because of the particular
far-field formulation used in this program, M can
be close but not exactly equal to 1

EPS coefficient of pseudo-time term At¢xt/Ax in differ-
ential eqguation

F slot parameter for ideal slotted wind tunnel

FCR (logical)

control option for specification of type of differencing
to be used at shock waves; equal to .T. or .F.

GAM ratio of specific heats Y
H ratio of tunnel half height/airfoil chord
ICUT control option for mesh cutting and refinement; equal
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VARIABLE
IMAXI

IMIN

IPRTER
JMAXT

JMIN

MAXIT

NL

NU

PHYS (logical)

POR

PRTFLO

PSAVE (logical)

PSTART (integer)

SIMDEF (integer)

WCIRC

WE (I)

XGRDIN

DESCRIPTION
number of x-mesh points in input mesh; IMAXI < 100

value of I index designating the x-mesh point where
the finite-difference calculation is to start

" control option'for print frequency of intermediate output

number of y-mesh points in input mesh; JMAXI < 100

value of J index designating the y-mesh point where
the finite-difference calculation is to start

control for Kutta condition specification; equal to .T.
or .F.

maximum allowed number of iteration sweeps through the
flow field

number of ordinate points used to describe airfoil lower
surface; NL < 100

number of ordinate points used to describe airfoil upper
surface; NU < 100

control for specification of the type of scaling (physical
or transonic) used in input/output; equal to .T. or .F.

porosity factor for ideal porous/perforated wind-tunnel
wall

control for printout of final flow field; equal to 1, 2,
or 3

control for saving restart block of values on unit 3;
equal to .T. or .F.

control for initialization of ¢ array; equal to 1, 2,
or 3

control for definition of transonic similarity scaling;
equal to 1, 2, 3, or 4

relaxation factor for circulation

vector array of length 3 representing values of the
relaxation factor for elliptic points on the coarse,
medium, and fine meshes, respectively; if specified,
all three values must be given

control for input of user-designated x-grid; equal to
.T. or .F.
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VARIABLE DESCRIPTION

XIN(I) vector array of length IMAXI of user-supplied x-mesh
points; normalized by airfoil chord; maximum of 100

XL (I) vector array of length NL of x-ordinates of the airfoil
lower surface; normalized by airfoil chord; maximum
of 100

XU(I) vector array of length NU of x-ordinates of the airfoil
upper surface; normalized by airfoil chord; maximum of
160

YGRDIN control for input of user-designated y-grid; equal to

.T. or .F.

YIN(I) vector array of length JMAXI of user-supplied y-mesh
points, normalized by airfoil chord for PHYS = .T.;
maximum of 100

YL (I) vector array of length NL of y-ordinates of the airfoil
lower surface; normalized by airfoil chord times thick-
ness ratio; maximum of 100

YU(I) vector array of length NU of vy-ordinates of the airfoil

upper surface; normalized by airfoil chord times thick-
ness ratio; maximum of 100

4.2.2 Control options.- Those input variables which allow the user

to select the various options incorporated in this program are detailed
in this section together with the options they control.

Airfoil geometry option: Four choices are available to the user for

the specification of the airfoil geometry. Selection is made according
to the value specified (1, 2, 3, or 4) for the integer index BCFOIL. For
BCFOIL = 1, the program uses the symmetric NACA four~digit (00XX) series
geometry; for BCFOIL = 2, a parabolic-arc profile is used; for BCFOIL = 3,
user-supplied values of upper and lower airfoil ordinates (YU(I), YL(L))
versus abcissas (XU(I), XL(I)) are required by the program, which then
calculates internally the ordinates and slopes at the input mesh points
by cubic spline interpolation--under this geometry option, a default air-
foil (Korn) is provided; for BCFOIL = 4, the user provides his own speci-
fication (i.e., ordinates and slopes at the input mesh points) of the
airfoil geometry. We note that the last option (BCFOIL = 4) is, of course,-
open (inactive) and requires user-supplied information in subroutine BODY.
If a formula is available for the airfoil profile desired, this option
should be used. Implementation is straightforward and an illustrative
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example is given below. Consider the symmetric profile formed by the

sinusoidal curve given by:

Y
Yy,.= 6Fu
- X
1
Yy = 6F£
Y (x) = + o sin (m1x)
u, t - 2
so that
F (x) = + L sin (mx)
u, f - 2
dFu B(X) -
—g— = £ § cos(m)

Thus, the following FORTRAN statement changes would be entéred into sub-
routine BODY. Immediately after statement number 400 (see the listing of
subroutine BODY in the Appendix), the abnormal stop message and STOP card

would be removed and the following statements inserted:

PI 3.1415927

IC =0

DO 425 I = ILE, ITE

IC = IC + 1

Z = XIN(I)

Z1 = PI * Z

XFOIL(IC) = Z

FU(IC) = SIN(Z1)/2.

FL(IC) = - FU(IC)

FXU (IC) PI * COS(Zl)/2.

FXL (IC) ~ FXU(IC)
425 CONTINUE
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We note that it is necessary that subroutine BODY define the arrays
XFOIL(I), FU(I), FL(I), FXU(IC), and FXL(I) which are, respectively, the
X-ordinates of the input =x-mesh XIN(I) which fall on the airfoil, the y-
ordinates of the airfoil upper and lower surface_divided by the thickness
ratio, and the slopes of the airfoil upper and lower surface divided by
the thickness ratio, all calculated at the XFOIL(I) points.

Flow environment option: To specify the type of flow environment;

that is, free air or tunnel simulation conditions, the integer index
BCTYPE must be set. Six different choices have been incorporated in the
program according to the following schedule:

BCTYPE Flow Condition
1 Free air
2 Solid wall tunnel
3 FPree jet
4 Ideal slotted wall tunnel
5 Ideal porous/perforated wall tunnel

6 General tunnel wall
The program default value is BCTYPE = 1.

Conservative differencing option: An option has been'provided for

the user to specify whether conservative or nonconservative differencing
be used at shock waves. This choice is made according to the logical
index FCR:

FCR Shock Difference Type
.T. Fully conservative
.F. Nonconservative

Program default value is FCR = .T.

Mesh refinement option: A convergence acceleration feature has been

incorporated in the program which provides the user the option to initiate
the iterative solution on a mesh that is coarser than the input mesh (fine
mesh) on which the solution is ultimately desired. Provision has been
made for two automatic grid reductions (medium and coarse) by the program.
Since the grid change is accomplished by the deletion of every other mesh
point, the following simple rules should be followed in specifying the

input (fine) grid to take full advantage (i.e., two cuts) of this feature.
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These rules consist of making the following grid point differences a
multiple of four,

IMAXI - ITE
ITE - IMIN
JMAXI - JUP + 1.
JLOW - JMIN + 1

which insure that each of the above four grid intervals can be halved
twice. See Section 5.1 under COM 1 for a description of these indices.

The control for mesh refinement is made by specification of the

integer index ICUT according to:

ICUT Comment
0] Input mesh used to convergence
1 Input mesh may be cut once
2 Input mesh may be cut twice

We note that for the cases ICUT = 1 or 2, if the grid criteria given
above are not met, the program will try to adjust if possible the grid by
adding (never deleting) points. However, since the stated conditions are
so mild, it is recommended that they be followed directly if the grid
refinement option is desired. Program default value is ICUT = 2.

Intermediate printout option: If the user wished to obtain inter-

mediate information concerning the convergence of the solution, an option
is provided which will cause a limited printout to occur each time a
specified number of iteration sweeps through the flow field are completed.
Output includes iteration count, 1lift and moment coefficients, iteration
error in circulation, and absolute values and locations of the maximum
iteration error in ¢, the residual Rj,i’ and the upper and lower surface
pressure coefficients. Control is through specification of the integer
index IPRTER which causes output print every IPRTERth

through the field. Program default value is IPRTER = O.

iteration sweep

Kutta condition enforcement option: If, in lieu of enforcing the

Kutta condition, the user wishes to specify instead the 1lift coefficient,
an option has been provided in the program to accommodate this. Control

for this option is through the logical index KUTTA where
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KUTTA Comment

.
+J
.

’

.

¥

[}

»

3

Lift coefficient specified; trailing-edge
pressure discontinuous

1
.

Program default value is KUTTA = .T.

Physical or transonic I/O scaling option: A user choice for the type
of scaling used in the input/output is available through the logical index
PHYS. The I/0 can be in either the usual physical scaled form
(PHYS = .T.); that is, lengths normalized by airfoil chord, c, velocities

by free-stream velocity, U, pressure by free-stream dynamic pressure, d_,

etc., or in the appropriate transonically scaled form (PHYS = .F.). If
transonic scaling is used, we note the following requirements: the lateral

coordinate of the input grid must be scaled according to

~ 1/3 m

g =0 M, ¥
the angle of attack by

& = a/(65-180°/7)

the half-tunnel height by
~ _ 1/3 M
H=9¢ M, H
the 1lift coefficient CLSET by

~ 2/3 -
(CLSET) = CLSET/5°/ M

the porosity by

ol
I

P/él/st

[.2]

the velocity potential by

$ = 62/3M"'n ®

[oo]

and instead of specifying the Mach number, M_, the similarity parameter
K must be given, where

1 - M

2
M2m 62/3

[><]
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and where the exponents (m,n) depend upon the choice of scaling and are

defined in Table 4-I. Program default value is PHYS = .T.

Flow field printout option: Iﬁ the final printout of a completed

calculation, the user has the choice of obtaining flow field information
[i.e., pressure coefficient, flow angle, and either local Mach number

(PHYS = .T.) or local similarity parameter (PHYS = .F.)], either throughout
or in a limited region of the flow field. This is controlled through the
integer index PRTFLO according to

PRTFLO Flow Field Printout
1 None
2 All
3 Three J lines about |¢q+% - o7 | line
j,1i j,i'max

Program default value is PRTFLO = 1.

Result storage option: If at the completion of a calculation the

user wishes, in addition to obtaining the printed output, to store the
results on tape for future use, an option has been provided whereby the

program will write the following information on tape 3:
(1) run title
(2) grid dimensions; IMAXI, JMAXI, IMIN, JMIN

(3) c M a, 6, airfoil volume, far field doublet strength

I.»?

oo d

(4) X and Y grid arrays

(3) ¢

J,1

Control is through the logical index PSAVE according to

PSAVE Storage
.T. Results stored on tape 3
F. No storage

Program default value is PSAVE = .F.

Initialization of ¢ option: Three choices are available for

initializing the ¢ array to start the calculation. Selection is made

according to the integer index PSTART where
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PSTART Initialization of ¢

1 Set to zero
2 Read from tape 7
3 Used from previous case

Program default value is PSTART = 1.

Transonic similarity definition option: Four choices are available

to the user for the specification of the particular transonic similarity
form of the small-disturbance equation to be solved. The first three of
these choices (SIMDEF = 1, 2, or 3) have been incorporated into the
program and are detailed below. The fourth (SIMDEF = 4) is an open
(inactive) option, requiring user-supplied definitions of the various

scaling parameters calculated in subroutine SCALE.

The three active options reflect the different scaling rules of
Cole, Spreiter, or Krupp and depend essentially upon the choice of values
for the exponents (k,m,n) in the following representations of the small-
disturbance perturbation velocity potential equation, stretched-lateral

coordinate, and transonic similarity parameter; that is,

(1 -m)o --“Y—’“—imkcpz] +o =0
X 2 ®© XX Yy
or
Yyt 1 42 -
[K¢x 2 ¢x]x + ¢§§ 0
where
2/3 - ~
o(x,y) = 827°M_ "¢ (x,9)
- -m ~
y =29 l/st v
2
g o = Mo
T 2m,2/3
M2

The values of the exponents (k,m,n) for each of the three cases are given
in Table 4-I. Selection of the particular scaling rule according to the

value of SIMDEF is
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SIMDEF Scaling

1 Cole

2 Spreiter

3 Krupp

4 User defined

Program default value is SIMDEF = 3.

Default grid option: Two different sets of default grids have been

incorporated in the program. These are the Krupp mesh defined in reference
2 and an analytical mesh based on a modified version of the grid discussed
in reference 11l. The program default x-mesh is the Krupp x-mesh XKRUPP(I),
given in reference 2, while two default y-meshes are incorporated; that is,
the Krupp y-mesh for free air calculations YFREE(I) and a modified y-mesh
YTUN(I) for tunnel simulations. To use the analytical mesh, control is

through the logical variable AMESH according to

AMESH Grid Specification
.T. Analytical mesh used
F. Either Krupp or user-specified mesh used

Program default value is AMESH = .F.

Input grid option: If the user wishes not to employ the default

grids incorporated in the program, an option has been provided whereby
an arbitrary mesh can be conveniently supplied to the program. Control
is through the logical variables XGRDIN and YGRDIN according to

XGRDIN Grid Specification
.T. x~mesh provided by user in input data
F. Default x-mesh used

YGRDIN Grid Specification
.T. y-mesh provided by user in input data
F. Default y-mesh used

When the grids are user supplied, each element of the grid is de-
fined in the input data, as illustrated in section 4.2.4. We note that
the program default x-mesh is the Krupp x-mesh XKRUPP(I) defined in
reference 2, while two default y-meshes are incorporated; that is, the
Krupp y-mesh for free air calculations YFREE(I) and a modified y-mesh
YTUN(I) for tunnel simulations. Program default values are XGRDIN = .F.
and YGRDIN = .F.
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4.2.3 Default values.- Each input variable has been assigned a

default value that is stored in the BLOCK DATA subroutine., Consequently,
unless the user wishes to change a variable from its default value, it

is not necessary to enter it in the input data block,

For convenience,

the default values of all the input variables are tabulated below:

30

Variable

AK
ALPHA
AMESH
BCFOIL
BCTYPE
CLSET
CVERGE
DELTA
DVERGE
EMACH
EPS

F

FCR
GAM

H

IcuT
IMAXT
IMIN
IPRTER
JMAXT
JMIN
KUTTA
MAXIT
NL

NU
PHYS
POR
PRTFLO
PSAVE
PSTART
RIGF
SIMDEF

Default vValue

0.
0.12
.F.
3
1
0.
0.00001
0.115
10.
0.75
0.2
0.
.T.
1.4
0.
2

(Krupp grid)

1
10

(Krupp grid)

1
.T.

500
(Korn airfoil)

(Korn airfoil)

.T.
0.
1
.F.
1



variable Default value
WCIRC 1.
WE(I), (I = 1,2,3) 1.8,1.9,1.95
XGRDIN Fa
XIN(I) XKRUPP (I)
XL (I) (Korn airfoil)
XU(I) (Korn airfoil)
YGRDIN F.
YIN(I) YFREE (I) or YTUN(I)
YL (I) (Korn airfoil)
YU (I) (Korn airfoil)

It is important to realize that the above variables assume their
default values only before the first case is run. Input variables, once
user specified, are not changed internally by the program; thus, it is
unnecessary to respecify them in subsequent cases if their values are to

remain constant.

4.2.4 Input data format.- With the exception of a run title card,

which is the first card of each case and on which the user can provide any
alphanumeric information desired in columns 1 to 80, all of the input data
for the program are read in under a NAMELIST format called INP. Conse-
quently, the input format is most easily demonstrated by an example.
Consider two cases of simulating the flow of air (Y = 1.4, default) past
an NACA 0010 airfoil in an ideal slotted wall wind tunnel where the slot
parameter is 0.07, and the tunnel half-height-to-chord ratio is 6.5. For
the first case, the free-stream Mach number is 0.70, the angle of attack
is l.5°, and it is decided to match the measured tunnel lift coefficient
of 0.187. The fully conservative equations (default) will be solved on
the YTUN (tunnel default) y-grid and the basic Krupp XKRUPP (default)
x-grid, employing the mesh refinement option with two grid halvings
(default). The maximum number of iteration sweeps allowed will be 250,
with intermediate printout desired after every fifth sweep, a convergence
criterion on ¢ of lxlO_4, a divergence criterion of 10. (default), with
final flow field printout confined to three rows centered about the maxi-
mum iteration error in ¢, and with the final results stored on tape 3.
The transonic equation will be used in the similarity form as given by
Spreiter, with the input/output in physical scaling terms (default), with
the initial guess of ¢ equal to zero (default), and with the circulation

relaxation factor equal to 0.9, the three elliptic relaxation factors
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equal to 1.3, 1.6, and 1.9 for the coarse, medium, and fine grids re-
spectively. The pseudo-time term will be omitted from the differential

equation (€ = 0.).
For the second case, all of the input parameters will be identical

to the first except that the Mach number will be equal to 0.72 and the
measured lift coefficient equal to 0.195.

Thus, the input data cards would read (note that with a NAMELIST

format, input variable sequencing is arbitrary):

CARD NO. 1 - RUN TITLE CARD

COLUMN NO. 1 80
SAMPLE CALCULATION NO. 1

CARD NO. 2

COLUMN NO. 2 6 80
$INP EMACH=.7,F=.07,ALPHA=1.5,H=6.5,DELTA=.1l,BCFOIL=1,

CARD NO. 3

COLUMN NO. 2 80
KUTTA=.F.,CLSET=.187 ,MAXIT=250, IPRTER=5,CVERGE=. 0001,

CARD NO. 4

COLUMN NO. 2 80
PRTFLO=3, PSAVE=.T.,SIMDEF=2,WCIRC=.9,WE(1)=1.3,WE(2)=1.6,

CARD NO. 5

COLUMN NO. |2 i - 80
WE(3)=1.9,EPS=0.,

CARD NO. 6

COLUMN NO. 2 80
SEND

CARD NO. 7 - RUN TITLE CARD

COLUMN NO. |1 80

SAMPLE CALCULATION NO. 2
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CARD NO. 8

COLUMN NO. LE 6 80

$INP EMACH=.72,CLSET=.195,

CARD NO. 9

COLUMN NO. 2 : 80

SEND

CARD NO. 10

COLUMN NO. 1 80
FINISHED

We comment that the last card in the input data, following the final
data card for the last case, must contain the word FINISHED in the first
eight columns. This signals the program that there are no further cases
to calculate and that the program is to stop.

If for the above cases the user wished to supply his own x- and y-
grids, this would have been done by setting the grid input controls
XGRDIN and YGRDIN equal to TRUE, specifying in the input the integers
IMAXI and JMAXI, subject to the restriction IMAXI, JMAXI < 100, and then
identifying all of the IMAXI values of XIN{I) and JMAXI values of YIN(I)
in the input data. For example, say that the user has an 81x60 (x,y)
grid. Then, the card data to be included in the input for the first case

would be (using some ficticious values for XIN, YIN):

COLUMN NO. |2 80
[ XGRDIN=.T.,IMAXI=81,XIN(1)=-3.0,XIN(2)=2.9,...

. etc.

COLUMN No. |2 ) - 80
XIN(80)=1.9,XIN(81)=2.0,YGRDIN=.T.,JMAXI=60,YIN(1)=-6.5,

. etc.

COLUMN NO. |2 80
YIN(59)=6.4,YIN(60)=6.5,

A similar procedure would apply if the user wished to supply his own
description of the airfoil surface; that is, arrays XL(I), YL(I), XU(I),
and YU(I).
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4.3 Error and Information Messages

The error and information messages printed by the program are listed
in this section together with a brief explanation of why they occur and
what to do when they are encountered. The first group of messages (1 to
12) is concerned with input quantities while the second group (13 to 21)
occur during the execution of the program and involve certain limitations

inherent in the methods used in this program.
(1) IMAX OR JMAX IS GREATER THAN 100, NOT ALLOWED

This message indicates that the input mesh size limitation IMAX,
JMAX < 100 has been violated.

(2) X MESH POINTS NOT MONOTONIC INCREASING

This messaée indicates an error in the input x-mesh that violates

the condition Xi > Xi-l'

(3) Y MESH POINTS NOT MONOTONIC INCREASING

This message indicates an error in the input y-mesh that violates

the condition Y. > Y. .
J J-1

(4) MACH NUMBER NOT IN PERMITTED RANGE (0.5,2.0)

This message indicates that the input free-stream Mach number M is
outside the nominally accepted transonic regime. A scheme solving the
linear small-disturbance equation, rather than the nonlinear transonic

equation solved in this program, should be employed.
(5) ALPHA NOT IN PERMITTED RANGE (-9.0,9.0)

This message indicates that the input angle of attack is beyond the
range in which small-disturbance theory is considered valid; that is,
-9° < a < 99.

(6) DELTA NOT IN PERMITTED RANGE (0.0,1.0)

This message indicates that the restriction on thickness ratio,
0. < & < 1., has been violated.

(7) AK = 0. VALUE OF AK MUST BE INPUT SINCE PHYS = .F.

This message indicates that the transonic similarity parameter
K= (1 - M2)/MRs2/2

o has not been input as is required when transonic

rather than physical scaling; that is, PHYS = .F., is used in the input/
output.
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(8) MACH NUMBER TOO CLOSE TO 1., NOT ALLOWED

This message indicates that the input free-stream Mach number M_ is
too close to one; that is, |[M_ - 1.| < 0.001. This is unallowed since the
program incorporates a representation of the far field solution containing
the factor 1/vV K ~ l/]Mi - 1[1/2. To correct this a special sonic free-

stream far field solution would be required.

(9) ABNORMAL STOP IN SUBROUTINE BCEND
BCTYPE = 6 IS NOT USABLE

This message indicates to the user that the general tunnel wall bound-
ary condition BCTYPE = 6 is an inactive option for which conditions have

not yet been worked out.

(10) ABNORMAL STOP IN SUBROUTINE BODY
BCFOIL = 4 IS NOT USABLE

This message indicates to the user that the airfoil geometry specifi-
cation BCFOIL = 4 is an inactive option requiring user definition. For

details on necessary user input, see section 4.2.2.

(11) ABNORMAL STOP IN SUBROUTINE FARFLD
BCTYPE = 6 IS NOT USABLE

See message (9).

(12) ABNORMAL STOP IN SUBROUTINE SCALE
SIMDEF = 4 IS NOT USABLE

This message indicates to the user that the transonic similarity
specification SIMDEF = 4 is an inactive option requiring user definition.

For details on necessary user input, see section 4.2.2.

(13) NOTE -~ ONE OR MORE SHOCKS EXTEND OUTSIDE OF CONTOUR
CDWAVE DOES NOT EQUAL TOTAL WAVE DRAG

This message indicates that some of the shock waves present for the
case at hand extend beyond the appropriate drag contour incorporated in
the program, so that the wave drag calculated by the program does not
equal the total wave drag. For details on the drag contours available,
see the description of subroutine CDCOLE in section 5.2.

(14) SHOCK WAVE ATTACHED TO BODY. MOMENTUM INTEGRAL CANNOT
BE DONE. DRAG OBTAINED FROM SURFACE PRESSURE INTEGRAL.
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This message indicates that, for reasons explained in section 5.2
under subroutine CDCOLE, the momentum integral method for calculating
drag cannot be used. The drag is then calculated by integrating the
surface pressures on the airfoil.

(]_5) * % * % * CAUTION * % % % %
SOLUTION MAY BE INVALID
DETACHED SHOCK WAVE IS TOO CLOSE TO UPSTREAM BOUNDARY.
MOMENTUM INTEGRAL CANNOT BE DONE. DRAG OBTAINED FROM
SURFACE PRESSURE INTEGRAL.

This message indicates that the bow shock is too close (within three
mesh points) of the upstream boundary for the momentum integral along the
bow shock to be performed, and that the drag is obtained by integrating
the surface pressures on the airfoil. Also, because the bow shoék is so
close to the upstream boundary, the solution may be inaccurate and it is
recommended that the upstream boundary be displaced further from the air-
foil and the calculation repeated.

(16) THE INPUT MESH CANNOT BE ADJUSTED FOR CUTOUT, BECAUSE
IMAX OR JMAX IS TOO CLOSE TO THE LIMIT OF 100.

This message is written by subroutine CKMESH and indicates that,
because the input mesh requirements for grid cutting described in section
4.2,2 under Mesh Refinement Option were not met, subroutine CKMESH has
attempted to correct this by adding points. However, either the input
X or Y grid is too close to the limit of 100 to allow this, with the
result that no points are added, the mesh refinement option is bypassed,
and the input mesh is used to convergence.

(17) ABNORMAL STOP IN SUBROUTINE DROOTS. (0)

NONCONVERGENCE OF ITERATION FOR ALPHAEl;
2
This message identifies one of the constants ALPHAO, ALPHALl, or

ALPHA2 required in the subsonic far-field doublet solution in an ideal
slotted wind tunnel, and indicates that the iterative solution for that
constant has failed to converge. This error message should not normally
occur. If it does, the input values for the tunnel slot parameter F

and wall porosity factor P should be checked. See subroutine DROOTS
in section 5.2 for details.
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(18) % % % % * CAUTION * * % % #*
SONIC LINE HAS REACHED A BOUNDARY
THIS VIOLATES ASSUMPTIONS USED TO DERIVE BOUNDARY CONDITIONS.
SOLUTION IS PROBABLY INVALID

This message indicates that the sonic line has extended out to the
top and/or bottom grid boundaries, and that the solution is probably
invalid since the assumptions under which the boundary conditions were
derived have been violated. For free-stream flows, the difficulty can
be remedied by moving the lateral boundaries out further, while for tunnel
simulation calculations, this condition indicates that the flow has become

choked. For the latter case, the details have not yet been worked out.

(19) * * % * * CAUTION * * % * *
NUMBER OF SONIC POINTS EXCEEDED 200. ARRAY DIMENSION
EXCEEDED. EXECUTION OF SUBROUTINE MILINE TERMINATED

This message indicated that the number of sonic points has exceeded
200 and subroutine MILINE, which determines the locations of the sonic
lines, has terminated calculation. For the maximum grid size (100x100)
allowed in this program, this error message should not occur. If it does,

the remainder of the output should be checked for unusual behavior.

(20) * k %k % % CAUTION * % % % %
MAXIMUM MACH NUMBER EXCEEDS 1.3
SHOCK JUMPS IN ERROR IF UPSTREAM NORMAL MACH NUMBER GREATER
THAN 1.3

This message is written by subroutine PRINT1 and indicates that the
maximum Mach number along the dividing streamline, which includes the air-
foil upper and lower surface, has exceeded 1.3. Consequently, if the
normal Mach number just upstream of the shock wave is greater than 1.3
(this can be checked from the output of PRINT1l) the shock jumps, as
calculated by the program using isentropic small-disturbance theory, will
be in error with the true Rankine-Hugoniot wvalue since the usually accepted

upper bound for validity of the isentropic assumption has been exceeded.

(21) ABNORMAL STOP IN SUBROUTINE VROOTS (0)

NONCONVERGENCE OF ITERATION FOR BETA (1)

(2) :
This message identifies one of the constants BETAO, BETAl, or BETA2

required in the subsonic far-field vortex solution in an ideal slotted
wind tunnel, and indicates that the iterative solution for that constant
37



has failed to converge. This error message should not normally occur.
If it does, the input values for the tunnel slot parameter F and wall
porosity factor P should be checked. See subroutine VROOTS in section

5.2 for details.

4.4 Program Output

The output generated by the program is described in this section. A
general description of the format is provided in the first subsection,

followed by a subsection containing several sample cases for user refer-

ence,

4,4.1 General description of the output.- The output format of the
program is as follows. On the first page a header is printed giving the
program name, some general information concerning the problem solved and
method used, and identification of the program's authors. On the next
page, all of the input cards for the entire run sequence are printed. On
the first line of the third page, the information input by the user on the
first run title card is printed. Next, all of the input variables de-

scribed in section 4.2.1 are printed. This includes, of course, variables

not specified in the input data and which then assume their default values.

On the fourth page the airfoil geometry information required by the program

is printed. First, a header is printed toc inform the user whether the
printout is in physical variables (PHYS = .T.), in which case all of the
airfoil geometric characteristics are normalized by the chord; or if the
printout is in transonic similarity wvariables (PHYS = .F.), for which the
geometric characteristics are normalized by chord length times thickness
ratio. ©Next, the maximum thickness, airfoil volume (per unit span), and
maximum camber are output. Finally, the ordinates and slopes of the upper
and lower surface, together with the thickness and camber distributions
are provided in tabular form at the input xX-mesh points. On the fifth
page, intermediate output information for the coarse mesh (if a coarse
grid is used) is provided. This includes the elliptic relaxation factor,
the value of € (EPS) used, and the maximum number of iterations for this
mesh. This is followed by a heading which contains, from left to right,
the iteration count (ITERATION), lift coefficient (CL), moment coefficient
(CM), I and J locations (IERR,JERR) where the maximum iteration error in

¢ occurs, the absolute magnitude of the maximum iteration error in ¢
(ERROR) , the I and J locations (IRL,JRL) of the maximum residual, the
absolute magnitude of the maximum residual (BIGRL), the absolute magnitude
of the iteration error in circulation (ERCIRC), the I location (ICPU) of
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the point on the airfoil where the maximum iteration error in upper
surface pressure coefficient occurs, the absolute magnitude of the maximum
iteration error in upper surface pressure coefficient (CPERRU), and the

corresponding results (ICPL,CPERRL) for the maximum iteration error in

surface pressure coefficient. A printout of these quantities is provided
at every IPRTERth iteration until the solution either converges or
diverges, or the iteration limit is reached; at this point, a message
is printed indicating which of these three alternatives occurred. On the
sixth page, the final output for the coarse mesh is given. This consists
of the final coarse-mesh values of the lift and moment coefficients and
tabulated values of the pressure coefficient and local Mach number (or
local similarity parameter if PHYS = .F.) along the entire length of the
dividing (y = 0) streamline, including both the upper and lower surface
of the airfoil. 1In addition, the x- and y-coarse-mesh ordinates are also
provided. The format is as follows. First, the 1lift and moment coeffi-
e

cients are given, together with the value of the critical pressure coeffi-

cient. Next, a header is printed which contains, from left to right, the
I index of the current x-mesh point (I), the x value of the mesh point
(X), the pressure coefficient (CP), and local Mach number (M1) Jjust below

OWER ), and then the
pressure coefficient (CP) and local Mach number (M1l) just above the
PER

= 0+/°
of these quantities follow and are provided for each x-mesh point of the

the dividing streamline with the additional title (;

dividing streamline with the additional title (gp Tabulated values
coarse grid. Locations of the airfoil leading and trailing edges are
indicated in the output. Alongside the table of values, a concomitant
printer plot of the tabulated pressure coefficients is given. Finally,
all the y-values of the coarse grid y mesh ére printed. On the seventh
and eighth pages, the intermediate and final output, respectively, for
the medium grid (if a medium grid is used) are provided in the same format
as described above for the coarse grid. On the eight page, the inter-
mediate output for the fine mesh is given. On the following page, the
final print output begins for the fine mesh. On this page, information

is provided informing the user whether the printout is in physical or
transonic variables, and if it is in physical variables which particular
definition of similarity parameters was used. Also indicated is the type
of boundary condition specified (free air or type of wind tunnel), whether
the difference equations were in conservative form or not, and whether

the Kutta condition was enforced or the lift coefficient specified. Next,
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some limited airfoil geometry and flow field information is given (i.e.,
free-stream Mach number and airfoil thickness ratio if physical scaling

is used, (PHYS = .T.), plus angle of attack and transonic similarity param-
eter in all cases, and far-field doublet strength and airfoil volume per
unit span when M_ < 1. Finally, if PHYS = .T., the transonic scaling
parameters used by the program to scale the pressure, lift, drag, and
moment coefficient, the y-ordinate, and the flow angle are printed. On
the next page, the fine grid lift and moment coefficients, pressure coeffi-
cients and local Mach number on the dividing streamline together with the
x- and y-fine mesh ordinates, and a printer plot of the pressure coeffi-
cients is given in the format previously described for the coarse grid.

On the next page, a flow character map is provided. Each point in the

mesh is characterized according to whether it is a parabolic point (P),
hyperbolic point (H), shock point (S), or an elliptic point (—). The
following page provides a Mach number map of the flow field. Each grid
point receives either a number or letter letter designation according to
the symbol table provided in the plot., On the next page, a laterally
expanded printer plot of the pressure coefficients on the dividing stream-
line and airfoil surface is provided. For wind-tunnel wall simulation
calculation (i.e.,.BCTYPE # 1 or 3), tabulated values of the pressure
coefficient and flow angle along the entire length of the wind-tunnel walls
(y = H+) are given next. The format is similar to that provided for output
of the pressure distributing along the dividing streamline discussed pre-
viously. This consists of tabulated values of the pressure coefficient (CP)
and the flow angle (THETA) along the bottom ( ;OZE_ UPPER

H y = +H
surfaces of the wind tunnel at each of the fine mesh x-grid (X) locations.

and top

A printer plot of the pressure coefficients is also provided alongside the
tabulated values. On the next two pages, output describing the sonic lines
is provided. The first page gives tabulated values of the sonic line coor-
dinates, while the second page provides a printer plot of the sonic lines
throughout the flow field. On the following page, flow field output, if
requested by the user, is printed. This consists of tabulated values of
the pressure coefficient, flow angle, and local Mach number (or local
similarity parameter if PHYS = .F.) along the entire length of y = constant
lines on the fine mesh. The format is as follows. First, a header is
printed which contains, in the first two columns, the I index of the
current x-mesh point (I) and the x value of the x-mesh point (X) The next
nine columns contain three sets of pressure coefficients (CP), flow angles
(THETA) , and local Mach numbers (Ml) along three different y = constant
rows, with an additional title above each of the sets indiéating both the
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J index and associated y-value of the row. Tabulated values of these
quantities follow for each x-mesh point of the fine grid. If the flow
field print option PRTFLO = 3 was chosen, the flow field output is con-
fined to three J 1lines about the location of maximum iteration error

in ¢, and all the flow field output is contained across one page. How-
ever, if the entire flow field is to be printed (PRTFLO = 2), then the
above format is repeated for three successive rows at a time until the
entire field is covered. Following this, the shock wave drag profiles

and total pressure loss profiles are given. For each shock wave within
the momentum contour, the total wave drag is given together with tabulated
values of the shock wave drag (CD(y)) and the total pressure (PO/POINF) as
functions of the lateral coordinate (y). On the next page, information
regarding the drag coefficient is given. If the drag was calculated by
the momentum integral method, the locations of the contour boundaries are
given together with the individual contributions to the drag from the
integrations of the drag integral along each of these boundaries. 1In
addition, information regarding the number of shock waves inside the con-
tour and the total wave drag are printed. Should any of the shocks extend
beyond the momentum contour, a message is printed indicating this and the
fact that the wave drag calculated does not equal the total wave drag.
Finally, the total of all the separate drag contributions is given. If
the momentum integral method could not be used to calculate the drag--
either because the bow shock was attached or too close to the nose or
because the bow shock was too close to the upstream boundary--a message

to that effect is printed and the drag is then calculated by an integra-
tion of surface pressures. The time to run the case in seconds is provided
on the next page. This would conclude the output for an individual case.
The above format is repeated until all cases are run. Following this, a
final page of output is printed which consists simply of the word FINISHED,

indicating a normal exit from the program.

4.4.2 Sample cases.- In order to provide reference checks on the

programs, six sample test cases have been run exercising a representative
sample of the various options available. The results are provided in
figures 4-4 through 4-9. 1In each case the input data are provided together
with the corresponding output. Because of the large amount of output
information, full program output is provided only for the first two cases
(figs. 4-4,4-5); however, the abbreviated output given for the remaining
cases is sufficient to verify the correctness of the program under those

options selected.
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4.5 Comparisons with Data and Other Methods

A variety of comparisons of the results predicted by the methods
employed in this program have been presented in the literature (refs. 1,
2, 3, 6, 7, 8, 9, and 20). For convenience, several of those comparisons
are briefly repeated here in order to provide the user both with a general
assessment of the accuracy of the methods used and some idea of the typical
solution behavior that can be expected. For further information, the user

is referred to the excellent review article by Bailey (ref. 21).

Basically, the comparisons presented here fall into three categories;
that is, (1) comparisons with exact (hodograph) inviscid solutions,
(2) comparisons with more accurate (full inviscid, full potential) numeri-
cal solutions, and (3) comparisons with data. The first two categories
serve to assess the accuracy of the numerical technique and the small-
disturbance potential approximation, while the third serves to demonstrate

the influence of tunnel interference and viscous effects.

In figure 4-10 a comparison is made of the small-disturbance relaxa-
tion solutions calculated by the Krupp-Murman techniques (ref. 3) employed
in this program with the exact hodograph solutions (ref. 22) for a NLR
quasi-elliptical airfoil at a = 1.32°, M = 0.7557. A similar result is
shown in figure 4-11 for a Garabedian-Korn airfoil at o = 0.12°, M, = 0.76.
Also provided in those two figures are relaxation solutions (refs. 23 and
24) for the full potential equation. We note that in both of those cases,
the small-disturbance relaxation solutions and the full potential relaxa-
tion solutions show a weak shock as compared to the exact hodograph
solution, which is for the shock-free design condition. For the Garabedian-
Korn airfoil, the small-disturbance solution also predicts a somewhat
smallér expansion beyond the nose. The overall agreement, however, between
the small-disturbance solutions and the exact and full potential solutions
is quite good, particularly in light of the fact that flows past such
shock~-free airfoils are extremely sensitive to small changes in geometry
and flow conditions, and therefore provide an exacting test of the accuracy
of any transonic predictive method. Figure 4-12 shows a further comparison
of the small-disturbance results predicted by the Krupp-Murman method and
a relaxation solution of the full inviscid equations for a subcritical
flow (ref. 25). Again, the agreement is very good, even at this low
(M°° = 0.63) a Mach number.
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The results presented in the preceding three figures are for. shock
free flows. For flows containing shock waves, the relaxation methods used
above for the full equations do not employ conservative difference oper-
ators and consequently do not satisfy the proper shock jump conditions.
Some idea of the error involved in solving the exact isentropic equation

in nonconservative form (ref. 26) and the calculation of the isentropic

by the present program when using the fully conservative (FCR) option.

We note that the shock location predicted by the two conservative calcu-
lations is essentially in agreement, while the nonconservative result
predicts a weaker shock displaced forward of the conservative location.

We note that the differences in shock jump values observed above between
the two conservative calculations is not due to an accuracy problem in the
above computations but is attributable to the difference in pressure jump
between the isentropic approximation to the Rankine-~Hugoniot relations,
which is the jump condition satisfied in the fully conservative time-
dependent calculation, and the small-disturbance approximation to the R-H
conditions, which is the corresponding shock jump condition satisfied when

servative (FCR) option in this program.

using the con

Comparisons between the fully conservative (FCR) and not fully con-
servative (NCR) small-disturbance solutions predicted by the present
finite-difference scheme are of interest in order to assess the differences
between such calculations. Such results have been discussed previously in
reference 19, and figures 4-14 and 4-15 summarize the essential conclusions
of that study and provide a further comparison with a more exact result.
Figure 4-14 compares the FCR and NCR solutions for the similarity surface
pressure distributions for a subsonic free-stream supercritical flow as
the finite-difference grid is refined. We note that while the FCR solution
approaches the theoretical, small-disturbance shock jump, the NCR solution
does not. Figure 4-15 shows the corresponding result for a supersonic free
stream and a detached bow wave, and also includes the result of a conser-
vative time-dependent calculation for the exact isentrovic equations
(ref. 28). While the FCR and the time-dependent method produce essentially
the same result, the NCR method yields too great a detachment distance.
Furthermore, it was found (ref. 19) that the NCR method predicts shock
jumps which are considerably in error for strong oblique shocks, although

the results for normal and weak obligue shocks remain reasonable. We note,
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as pointed out previously (refs. 1 and 21), in many cases of M < 1
transonic flows, the NCR predicted surface pressure distributions are

" usually in better agreement with experimental data than the FCR results,
due to boundary-layer weakening of the shock wave. Unfortunately, this
agreement is clearly fortuitous, and because the NCR method does not
yield a unique solution nor account for viscous effects in any rational

manner, it is not recommended for general use.

In the absence of shock wave-boundary layer separation, it has been
suggested (refs. 19 and 29) that the principal viscous effect to account
for is the reduction in circulation from the inviscid value determined
by the Kutta condition. This effect is illustrated in figure 4-16 where
the data from reference 15 is compared with the two FCR small-disturbance
solutions found by: (a) specifying the Kutta condition and (b) fixing
the circulation at the value determined by the experimental 1ift.
Considerably better agreement with data results in the latter case except,

of course, for points near the trailing edge.

Finally, some indication of the effects of wind-tunnel interference at
transonic speeds is given in figures 4-17 and 4-18. Figure 4-17 shows the
FCR solutions for an NACA 0012 airfoil at o = 0° in free air and for an
ideal slotted wall compared to the data taken in the RAE slotted wind
tunnel (ref. 30). A forward movement of the shock due to tunnel inter-
ference is indicated. This effect is again shown by the results presented
in figure 4-18, where data taken from the NASA/Ames Research Center 2- by
2-Foot Wind Tunnel (ref. 1) is compared with the FCR solutions for free
air, an ideal slotted tunnel, and an ideal slotted tunnel with the 1lift
fixed at the experimental value. In this example, the effects of wind-
tunnel interference on 1lift and shock position are of the same magnitude
as the viscous effects as evident by their respective changes from the free
air to the slotted tunnel Kutta condition result (interference effect),
and from the slotted tunnel Kutta condition result to the slotted tunnel

fixed C; result (viscous effect).

4.6 Program Run Times

The development of the structure of the present code as well as the
actual debugging process have been carried out on a Control Data Corporation
7600 computer. Therefore, the majority of run time information and experi-
ence is for that machine. However, the most crucial time information

required by the general user is simply the CPU time required for one
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iteration sweep of the flow field on a typical fine grid, since this will
provide‘directly an estimate of the maximum run time required for a
particular case. The,resolution-of the defaﬁlt.free air grid (77X56) and
default tunnel grid (77x48) used'in the prdgram is generally sufficient
for most engineering applications, so that fhe time per iteration sweep
on these grids should provide a fairly'general and useful result. We
have detefmined that the sweep timé pér iteration on these grids using
the FIN, OPT = 2 compiler on the CDC 7600 is approximately 0.04 sec/sweep.
Since the medium and coarse meshes.contain approximately one-fourth and
one-sixteenth as many points, the approximate maximum CPU execution time

per case when employing the grid refinement option is

MAXIT (1 + 1/4 + 1/16)«(0.04) sec

Maximum CPU Execution Time
(cpDC 7600; FTN, OPT = 2)
= 0.0525-MAXIT sec

The analogous result for the CDC 6600 is

Maximum CPU Execution Time = 0.310 MAXIT sec
(CDC 6600, FIN, OPT = 2)

We note that on the analytical mesh (81x64), the corresponding CDC 7600

time is approximately 0.055 sec/sweep.

With regard to improving run times, numerical experimentation has
shown that by using the mesh refinement option execution times can be
reduced by 30 percent to 60 percent in most cases, in comparison to the
same calculation started and carried to completion on the fine grid
alone. In addition, it was found that a number of cases which diverged
when started on the fine mesh, converged smoothly on the final mesh when
the mesh refinement option was used., Consequently, the additional
programming required for this option appears well worthwhile in terms of
enhanced stability and computational time. Finally, we note that a
nunber of proven convergence acceleration techniques, such as the extra-
polation methods used by Hafez and Cheng (ref. 31) have not yet been
incorporated into the present version of the code. Future use of these
improvements, as well as others currently under development--such as
direct or semidirect solvers (refs. 32 and 33) and shock fitting (ref.

34) ——can undoubtedly augment the methods used in the current program.
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4,7 Machine Compatability

The present code has been written in FORTRAN and primarily tested
out on a Control Data Corporation 7600 using the FTN, OPT = 2 compiler.
Care has been taken in the progrémming to insure that the code can be
easily adapted for use on other machines. All header output statements
are written in the universal Hollerith format. Double precision arithme-
tic is not used. Storage requirements have been reduced as much as
possible by the liberal use of common blocks to pass information internal-
ly. The code has been successfully check tested on a CDC 6600 and re-
quired no changes.
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k n m
Cole 0] 0 0
Spreiter 2 2/3 2/3
Krupp 7/4 3/4 1/2

Table 4-I.-~ Exponents for transonic similarity parameters.

Yy = <5F£(x)

Figure 4-1l.- Coordinate system and airfoil geometry.
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«059559 2060335
2064213 0064473
«063871 2063438
«058496 «057562
«050722 048045
030775 20256954
«004559

2001620

POR =

LSET

EPS »
RIGF =

CIRC

ERGE =
ERGE =

1
1

-3

1

U.20000
Le 02030
+20000
0.00000
1429020
«00001

1040

«825300C
«075000
#LU7500
055000
«203125
k53125
«703225%
«93i5ULY
«025030
«625008

«6022L0
«8000C0
«242300
+030000
+150000
+250300
v95023C

005391
oU23481
+062909
«079112
2094413
«165853
«272371
0404133
«539536
«648435
738649
«875021
997860

«034538
eJ24441
+033497
42274
«044389
«U53663
«D61C68
2064646
«D62945
2056650
2046680
«023361
#000293

(a) ZInput.

PROGRAN DEFAULT DPTION = KORN AIRFOIL

INPUT PARAMETERS

ELI AT Iy ]
ININ = 1 BCTYPE
1MAX] = 17 BCFOIL
JMIN = 1 PSTART
JHAXE = 56 PRTFLO
MAXET = 530 IPRTER
NU = 130 SINDEF
NL = 75 cut
=+7003200 —e575400
=+052500 =e035030
«312520 «U1T7a62
«065300 «J 75200
«234375 +265625
«%B4375 515625
« 734375 +705025
«93000C 945000
Le350230 le290i00
1.750020 1.875%5090
=3+200202 =2e40GEOD -
~+650000 =e55L200
-+21000C ~e18Uu0U
-«010000 Uiba2)
«+180000 210000
2554000 «654100
24400223 3.0v0000
+J03799 UL o427
«033089]1 «340887
0065925 2068785
0283445 +081819
«J98308 103104
+164599 195177
+28741C «3G299C
«421391 «4387C8
«554867 «569823
«559016 «568987
«761390 «777010
+893268 «?13686
1200300
2306137 «007683
329035 «231698
«039270 «039986
2242539 «U42804
+D45595 «046312
055351 «056210
«361751 «062381
00066733 «D64735
«062376 061731
«355721 «B54791
o0434 41 2041053
«018848 015750
0030302

.
w

=4 50000
-eJ22560
022500
»185020
0296875
+546875
796875
«360000
1el50uld

le75200C
—e450000
=e150000
+23090
240000
«B800000
3,60C058

#262153
253973
071482
«283269
+10901C
«206361
319057
456013
«58435%
+678321
o792241
927686

«005056
035960
o04CC25
243079
«0471 54
257068
0162967
0764651
61014
353867
«038608
012954

AMESH =
PHYS =
PSAVL =
KUTTA =

FCR =

—e35. 103
=eGllutd

le225.C0

=1+600000
~e3%usui
~e125400

PR3- TR

.

P LV

«003331
ot 92l
Q74407
s Jo4d41
eulD244
«218244
335558
«473240
«598405
ebolsl2
«80%uc8
«339004

0108672
0536837
0241195
«C43368
e 08,32
a057918
+063445
064477
«060232
0358365
«035768
201U567

Figure 4-4,- Sample test case 1 - program default option - subsonic,

free air simulation (full output):

8p= 0.115, a = 0,159, W, = 0.75.

Korn airfoil,

slid e
» 359375
«00937%
« 85937y
«9900LY
l:!uf;&u

=1e35090¢
“e343500
=+ 100000

IREERIAN

e3uelng
Lelbuyuv
Sedulule

+0G5330
eJ5B45L

2824992
«352392

212803
037277
0é1483
» 043700
evih9dui
«058751,
a053d67
“Ub4ELB
359389
eW52s80
»3329308
« 000253



xn
9.000600
«001011
007035
«039095
+167184
324075
«521837
«690340
+838548
«986187

Yt
04000000
=+006133
~e0139683
=e028634
=2049298
~s052562
~+038336
=2014527

+0C2227

»001329%

«000012
+001481
+008265
+0525i6
202933
«344872
549843
« 708891
«858817
«996582

=e90J7U0
~e007183
~e014962
=eC32423
“e051443
=¢U51951
~+034916
~eUll771

«QN3226

+000376

D043
001875
2009969
2362469
«228511
«363502
«578612
«720684
879431
1.00000v0

=eJ3l385
—eV:7933
=eD1l0175
~ell3484u
—:052406
=+051218
~s031104
-»009228

353885
Bei;000200

«320183
2316
«112286
0373329
0267395
«387544
«b35305
0746683
+903723

e 002368
=eJ0B6TS
-« Q176306
~ed37i82
-e252359
=e050013
227333
-e006%37

«J38232

.000249
«D53355
4015346
~uB5290
«263995
©404492
+623479
«768502
4926504

—e203330
-e209776
=+019336
-+D39456
~e0 53062
=e049004
—e024661
=+0U3B68

»0C4067

«000348 «03Lu535 «udus80
+J04201 oLLhTaT « 005779
319276 au22335 229379
«099822 +il8363 o l40va7
282047 2297.45 «317142
«426308 450Ul et?537%6
e642152 657543 e671212
« 784892 eBLli49 eOLYLET
e943652 e9Lboutd «973623
~«J0388C —elL4379 =e L3519y
-e21ilu4 ~ewlioad ~eN12d61
~«021258 - 023830 ~eu25373
—eJ4lB62 ~e044483 -eD470L7
-2252117 ~e53.27 —e52349
=e047495 =eCh50 3L S43cHy
21854 ~eU19517 ~e217429

«002C80 ~eUL 324 et 35,

+003657 «35e7 $UUL24E

AIRFOLL GEOMETRY QUTPUT
LE LI T P LTI L SR P Y

PRINTOUT IN PHYSICAL VARIABLES NJIRMALIZED BY CHIRD LENGTH

AIRFOIL VOLUMEe=
INPUT 6RID
X

+00230000
«0075¢0CC
+01250000
+01750000
02250000
«02750000
«03250000
«0375(000
04500000
«0550C0C0
«0632C000C
07500000
+08500000
«0975(000
«1150000C
«1406250C
«17187500
«20312500
«23437500
«26562500
«2968750C
+32812500
35937500
«3906250C
42187500
+4531250¢
«48437500
51562500
«54687500C
+578125G0
«6093756C
26406250C
«57187500
«70312500
«734375C0
«76362500
« 79687500
«B82812500
85937500
«88500000
+»9000C000
¢ 91536000
«93000000
«9450C000
«9600000C
«97500000
99000000
1.00000000

«07556017
UPPER SURFACE
Y 0Y/DX
«00959171 1.4552311)
+01470383 81287528
01831605 ob503Th44
e02132582 56042563
+023959C3 249640064
02631987 044956493
« 02846690 «41150450
e03L 446065 37497980
03312592 33599923
«03627290 «29719151
«G39C 4311 «25543566
«04141318 021765425
204239L74% el8G54045
04547125 +15371664
4756777 13267017
05107517 sada07138
«05422330 09136735
«056082572 «07560296
sL5897522 «06223595
206073549 «05C53493
(6214320 203594810
«G6323120 042994726
006401751 «02C66257
«06451¢653 02150033
+ 06473426 «00241416
«C64€71317 =400£56035
«05421853 =oL159u553
0063606431 =4026C3701
«Q6268375 -,03696603
«06133234 =.04979547
005955542 «,064356061
o(5T29524 =~e09046377
005451046 —.498( 2562
«05117C16 <=.1104699.
« 04725652 =o413370925
«0428Ce23 =.15103101
03783843 =~e16679849
«0323920¢ -.18132223
002653266 ~,19294838
+0215C18&4 =-439909862
«01850018 =—.2G(87864
« 01548642 =420052560
oCLZ49528B =-4197973%6
200955711 =—419341343
«CU67LE66 =~41B061lJ192
200399207 -<.17519895
200147612 ~=415923679
B.02L00000 =413691589

LOwER
Y

-2 20895517
-e014306523
~e 3177238
~e02241959
~a02267782
~e)2467419
-« 32648305
=+02813392
=e03({ 308772
=+03305353
~e23541151
=+03751777
~e03943423
~e3415.11)
=e046402275
~e34693067
—eJ49b3890
=s051421383
=e05256752
~e05307432
-«05302871
—el}524b3.3
=eJ513%534
~e04984448
=eJ4TB1983
—eJ4533303
=ed4245041
—e2395118
-eJ3529278
~e33117483
=ed2b674112
=e 02208495
~s01732781
-+0126184Y
~eJ0815935
-«00420143
=e00091374%

+00157884

«00324655

*J)2800325

«33413381

«20619572

20403511

«00361307

«J03£0379

23215209

« 201029405
$+00020060)

Figure 4-4.-

SURFACE
DY/0X

=1a54389047
-+ 80527524
=s 28703322
438511405
2225950
~e378761u4
=0 3443581y
-«31735008
=e2B8473871
=e 24997457
—e 22262497
199.9357
=e17673220
—el57¢5685
» 13157240

~aU2573214
=+0C71C8c2

+JCII9L24

a02617109

«J4l34736

su5725378

2 JT2c4688

W0B0B978¢

013155528

«11380738
«12642358
e 12715576
4591756
5119319
el22085L5
«14780410C
«13583154
211693724
209298191
«t6659416
024018531
189345

2UbhATLY
=¢ 00623884
=e01924820
-+ (3322763
=e04B141YHG
~e (6622514
-eQB737525
=e11000585

Continued.

MAX THICKN:

MAX CAMBCK

THAICKNESS

«3u927844
«)1653455
«01803922
e2,87270
202331842
32349723
¢J2747442
«J2923028
«J3175682
203466322
203722831
e 13Y40L40
e J414CC4Y
«0(14348617
«0453952¢
«04902792
03559320
e 1541358°
«25527137
01569, 452
257585y
+)H784560
e 3577uk42
s 5718051
0256270 5
035500219
225335947
«35135275
+04898927
«s4625359
034314827
« 33969010
«235919.3
+23189432
32771293
22350383
«21937009
«D154L658
031164305
«00874929
«2CTLbL31y
023564535
+20424508
230297215
+20185143
eJOOR2LTL
«J08023333
QeLlCLLl

5s = «l1369133
= e.1754329

CAFBER
>

e7
*.vuid920
s 00L27064
ecliubidal
sLlubulol
«:0Cd22d4
ot 99416
sLUlio030
edC13a948
s JLLLI968
«20131:48C
v a9 767

2L iZs
. .229221
o 2L3b32
edu32ldy>
ey 202,369
av06L2724
a0UE3B 553
DL E )
«007336C2
P L i)
o L 90LYLL
«ullY39d0
e 223,627
»vl309548
esebLBLTS
XY -L I PS-]
«GL7€I515
«01i85%132
«219¢7203
aJ1l%54359
el tF3u24.
e 1lb4e23b
«r1bYa542
eJehB3I51L
a0127.254
T ELY I
e vYBeilT
ewvdZouly
PERT-
«0046Yv2¢
«003¢7208
e ldee?y
3.09CCuU0I0




NE = - "1.0000 EPS =

ITERATION cL

FORCE COEFFICIENTS,

«45126

"INTERMEOIATE OUTPUT FO

& ‘COARSE MESH

\

BIGRL

«9957E402
«1756E+03
«9360E+02
«4973E+02
«2546E402
«1350E+02
«7928E+01
«4595E402
#»2686E+DY
+1573E+01
+9203E+00

«2000 MAXIT FOR THIS MESH = 125

(4} TERR  JERR ERROR IRL  JRL
-el6416. 12 7 «4684E=01 6 7
~e15065 5 4 «1506E-01 6 ?
~215205 5 7 « 7516E=02 6 7
-e15427 10 7 «4266E-02 6 7
=e15424 5 7 *2120E=02 6 7
~el5472 11 7 «1166E-02 6 7
~e15498 5 7 «6631E=03 6 ?
-e15512 6 7 «3844E-03 6 7
~e15520 5 7 «2230E~03 6 7
~e15525 5 4 «1318E=03 6 7
-e15528 5 7 «TTL5E-04 6 ?
-e15530 5 7 «4521E-04 ) 7

#$954¢ ITERATION LIMIT REACHED #e¢dess

«5391E+00

FINAL OUTPUT FOR COARSE MESH

PRESSURE COEFFICIENT» AND HACH NUMBER

(OR SIMILARITY PARAMETER) ON BODY AND DIVIDING STREAH LINE.

WVANG VMIPWROEH =

CL = « 618266
cH = ~,155303
CP* = =.603170

X

-1.,075000
=«575000
=+175000
=+035000
=.002500

« 017500
«037500
« 075000
140625
«265625
+390625
+515625
640625
« 765625
«8685000
«94500)
1.00C000

1.090000
1400000
1.875000

cP

+003088
0043372
«129825
+264500
«360806

AIRFOIL

2630016
«337262
«054363

-.182317

=e 278642

-e23072¢

-.086058
0141348 -
364488
*460487
* 447856
#329958

AIRFOIL

0147296 -
+076301
«029479

Y=GRID VALUES

=50 200000
«180000

Ml

+748505
2728725
+684349
+608810
2548448
LEADING
«324850
+563801
+723235
+833511
«674419
+854314
790520
«678215
+546008
1478009
«487498
+568480
TRAILING
+675027
+712149
+735607

Y4y J=

«~2.400000 -1,.1
© «300000 5

UPPE
Y=0+
ce

+003088
«043372
2129825
«264500
+360806

EDGE
0249591
-e143732
=e562652
=+ 760830
=e730598
—e739994
=e 766144
-»682882
419234
=:118364
+100112
+208585

EDGE
0147296
+076301
« 029479

170 14
50000 =+ 550000
50000 1.150000

R
L3}

« 748505
«728725
2684349
«608810
«548448

«617627
«816550
+985196
1.055631
1047965
led48448
1.057455
1.028503
+930906
«805195
26999186
«641253

«675027
e712149
+ 735607

-.300000
| 24400000

-«180000
54200000

rigure 4-4.- éontinucd.

-

ERCIRC

«%#366E-01
«7B8BE~U2
«5803E-32
«2151E-D2
«1601E=-02
«7924E-03
«5202E~03
«2905E-03
«1740E-03
+1014E-03
»5952E-04
+3489E-04

sr-rcom

ICPU SPERRY

12
16

L}

EE-E - TR R

«5T03E+U0

«9515E=-01

¢1J22E+00
»7349E=01
«3169E-01

«1804c-01

«9775E-02
«5994E-02
23567E~02
«2103E=~02
el241E-02
«72996-03

BEFORE DR BEHIND AIRFOIL
UPPER AIRFODIL SURFACE
LDWER AIRFOIL SURFACE
CRITICAL PRESSURE

AIRFDIL LEADING EDGE
u

=+0875000

u

B

u
AIRFOIL TRAILING EDGE
3

«0750030

IcrL
16

;o
NaNNNNNNNNeo

CPERRL

«5936E+00
«2033E+400
«3931E-J1
«2837E-01
+1275E-01
«73208E-02
«2819E~02
«1781E-02
«lU1BE=)2
«5931E-03
+3496E-33
«2041E=33

LER ¥ Y
cc

I E T R RN

*ae



WE = 1.9000 EPS =

ITERATION cL

FORCE COEFFICIENTS,

« 61625
+60949
« 60690

#2000

cn IERR  JERR
-e15287 26 13
-+15190 6 14
=.15213 19 [
-e15221 20 14
-e15238 9 ?
~e15262 23 14
~e15242 22 14
=e15243 22 14
~e15243 22 14
~.15242 22 14
~el5242 22 16
~e15242 11 14
=e15241 10 14

INTERMEDIATE OUTPUT FOR MEDIUM MESH

MAXIT FOR THIS
ERROR IRL

*e2078E-02 10
«6D59E-03 19
«2952E-03 10
+2015E=-03 10
«1035E-03 10
«5TB6E=04 10
+494BE-0% 10
¢3296E=04 12
2 2423E-04 1

«1332E-04 Lo

«1397E-0% 13
+1063E-04 13
«8144E-05 10

##svux  SOLUTIDN CONVERGLD *askes

HESH =
JRL

FINAL QUTPUT FOR mMEDIUM MESH

PRLSSURE COZFFICIENT, AND MACH NUM3ER

{OR SIMILARITY PARAMETER) ON BOOY AND DIVIDING STRSAH LINEs

COENCVIWNI

cL = «603729
CH = =,152415
CP¥ = —,603170

LOwER
YeO-
X cP Hl
~1.0750G0 « 021647 « 739458
=+025000 +03333F 0733704
=+575000 05195 e 724443
=+350000 +092701 «723748
=+175000 177867 658397
-e0750C0 «315444 « 577665
=«035000 * 458494 «479519
=+015000 25676892 +388057
~e 002500 06542486 «29650606
AIRFOIL LEADING
«00T500 « 942391 0.000G00
017500 0592448 «364306
+027500 +381819 «534372
«037500 «22537C «643067
«055000 +038007 «731393
«075000 -+ 09483¢ «79453¢6
«097500 ~e 204465 +0843093
«140625 = 294226 «680860
«203125 -«337801 +898¢E21
«265625 -e34L760 «899815
328123 -e320584 «BI1E4Y
390625 =e27689¢C «B874522
0453125 ~«213683 «B47C49
515625 =e125367 908352
«578125 —+013389 0756447
0640625 «1205C2 «089272
«703125 « 263402 0639463
«T765625 «385401 531935
«828125 0455697 433479
«B885000 04706548 240504
«915000 e 473480 0k 68047
«945000 459460 «478787
«875000 sh2€12C «503409
1.00C000 «365L9L «258T4%
AIRFDIL TRAILING
1.025000 0229962 2629047
1.050000 «165655 «6650990
1.225000 11601 694462
l.40C000 «075623 712494
1.625000 «U55¢ 38 «722856
12875000 «G40203 «73L301
Y=GRID VALUES Y(J4) J=
=5¢200000 =3.,600009 —2e4
=+ 300000 =e2423005 =l
«125G00 «180839 2
14€20000- 2uk0CECIE .6

uPPE
Yu )+
cp

«D21647
+033335
051951
092751
«1778067
¢31544%
2458494
«56789%2
«654248

E0GE
¢553319
0172386
=e0B)733
=+ 308637
~e5B8291
-+.83615¢
~e907755
=+863369
—»812684
= 773972
753194
740873
—ea746613
—e768921
=+797181
=e 756741
-+ 590553
=+ 408063
251294
=e091152
«032375
«l32u21
223371
282392

£06GE
02299062
«165655
«1136%4
2075623
«055338
« 063223

i To 28
PREAD] =1e600022
4ydCs —+125000
h)crd «300624¢
2380 20220300

R
Al

«739458
«733704
0724443
«723748
+658397
«577665
«6795.Y
«3B80L7
«296566

LU
0661409
«7806073
«8806527
«994589
l.0812i 4
leld4959
1.09029¢
lau73293
10001306
1eC5157:
le48752
1.050839
La058457
leun804s
l.054225
«995414
0926543
«863C02
e 792853
2734178
«6831B4
«632836
+59805¢

« 629247
2665090
069440c
o 712494
«722896
«73u3ul

=l.1l5¢Cc
=2 0750
«39us

JR Bedldy ALRFULL

250
BIGRL ERCiRC ICPY

«58B86E+02 «12G2E~02 L4
«3003E+02 «1228E=-02 13
03248E40] 02461k-03 id
e4499E+01 «1d75E-23 134
«3935E401 +5786E-C4 14
e2B42E4YL «7117E-34 =4
«2046E+01 «4340E~04 Ly
»1612E401 «27B0E=~04 13
«1234E+01 «2180k=04 13
«1007E+01 «1537E=-04 13
«TBlOE+OQ olUBBE-i4 139
«5022E+0D oB4E=Y5 9
v4616E+00 #6354£=05 i3

8 BLFORZ

u

L

-

CPERRY

s L2d7E+UL
a1330E=J1
0 b1596=02
a23.sE=02
»20175c-02
«li9BE=-G2
«7TIT7LE-3
«4325E-23
03363E£-C3
+3330k~-u3
«2256E-03
0iT.5E=03
el337E=43

-
= UPPER AIRFUIL SURFAZ:
= LOwER ALRFOIL SJRFACE
= CRITICAL rRESSUKZ

ALRFIIL LcALING LuGe

o
[:}
8
8
8
L J
L L
t
L
L
L
L
L
L
L
L u
L
L)
J —« B80T =e550J03
20 =+0306G0 « 030000
W « 5515007 »8LL00D

Figure 4-4.- Continued.

B

d

8
3

u
AIRFOIL TRALLING =DGe
B

~e3930¢2
« 75000
16123000

IceL

10
16
12

c
BREE R EBAD P R A R A AR S R

Ps P rr e AN

EEEEE]

CPERRL

«1255E43)
«1908E=J1
o1TO3E-V1
o 7665c=22
+2943E=J2
e34HI,E=-23
«l173E=43
»1189E=03
«B2B4E=I4
¢430bE=J34
s4264E=04
e44lac=04
«39u6E=24



WE = 1.9500

ITERATION cL

10 «60707
20 +60871
30 61016
40 0061131
50 #61210
60 «61290
70 81355
.14 ob61424
90 «61480
100 .« 61527
110 61568
120 2061601
130 061631
140 61658
150 261682
160 «61703
170 61721
180 «61736
190 861750
200 « 61762
210 61773
220 2617682
230 61790
240 61797
250 «618G3
260 «61808
270 «61813
280 «61817

EPS = «2000
Ch IERR JERR

-e15260 9 29
~-e15277 a8 21
-a15295 16 3l
=-es15288 37 28
5264 16 3]

~+}5288 18 &9

=el5295 18 29
-e15295 ig 29

**4e%e  SOLUTION CONVERGED

PRINTOUT IN PHYSICAL VARLABLES,

INTZRMEDIATE QUTPUT FOR FINE MESH

MAXIT FOR THIS MESH = 500

ERROR

0 2136E=02
«8121E-93
s 4264E-03
»3459E-03
*«2650E-03
+2146E-03
«1854E=-03
2 1566E=D3
¢1365F=03
«1160£-03
«ilUI2E-03
«8TIBE=04
¢ 7521E=-04
+654BE-C4
2+ 5639E-04
+4939E-04
»4298E~04
¢ 3742E=04
«3261E-04
«2B42E=04
«257BE-04
e2151E=0%
v 2 835E~94
«18645E-04
«1435E-34
«1253E~04
«1093E=04
«9538E~35

ek

DEFINITION OF SIMILARITY PARAMETERS BY KRUPP

BOUNDARY CONDITION FOR FREE AIR

DIFFERENCE EQUATIONS ARE FULLY COUNSERVATIVe.

KUTTA CONDITION IS ENFORCED.

MACH
DELTA
ALPHA

K
DOUBLET STRENGTH
AIRFOIL VOLUME

«75C0000
+115¢9¢CC
»1200000
2e46671C8
0755652
«C755€02

PARAMETERS USED TO TRANSFGRM VARIABLES

CPFACT
CDFACT
CMFACT
CLFACT
YFACT
VFACT

10

TRANSONIC SCALING

029364287
20357443
2934287
+2934287
203744886
6.5890146

IRL JRL . BIGRL

1?7 28 «3073E+03
17 28 «1820E+03
17 28 13026403
17 28 «1029¢+%3
ir 28 +8335E+02
17 26 ¢ TOUIE+G2
17 2d «5968E+02
17 28 +5098E+02
17 28 «4363E402
17 28 «3769E402
17 28 +3246E+402
17 28 02B29E+4J2
17 28 02443E+02
17 28 «2131E+02
17 28 «1850E+02
17 [21:] «1606£402
17 28 «1398E+D2
17 28 «1218E+02
17 28 «1062E+02
17 28 «9258E+Q1
17 28 +3C72E+C1
17 2e «7040E401
a7 28 «61426+401
17 28 «5359E+01
17 28 2 RBTTE4CT
17 28 04082C+01
1?7 z8 «3562E+C1
17 28 «3179E+401

SRR EFEBRCEREED DY
* *

*  FINAL QUTPUT *
.

*
LTI TN ST RIS LAY L))

Figure 4-4.- Continued,

ERCIRC

«2779E-03
«2453g=03
22539E=42
«181l1E=53
21l67c-v3
«l274E-223
W11276-03
e1145E-u3
*8570E-.4
#7737 ~04
$b443E~C4
«5434€E-34
«4896E=34
c44bTE-D4
«3881E-C4
«3344E-04

«1955E=24
e17i4E-34
21495E=04
01302E=24
+1136E=04
«99185-,5
«BET4E=LD
»7578E~3J
e6bL1E=J5

IcPy

.8
33
L
40
«l
4%
L2
4L
42
42
“d

42
42
a2
42
wZ

LH

CPERKU

eL74UE+L
e 3334E=UL
¢2639c~01
e21l30E-Lt
+1387E~01
e1JYsE=LC
«8045E~.2
« 7518E=02
2 bYBBE=v2
e0Jt3E=u2
«3177:-02
e42728=u2
e3698E=1¢
o 32d4E=L2
s29.0E-..2
e2339E=ud
e2lo2E=02
esBIuE=2
«l373€=22
eid37t=uc
e1di3L-. ¢
ell28k=y2
o2 t=d3
«79775=03
«£I20E=03
- PrA EAE]
«3259e=-s1
«43B2E-LI

icPL

CPeRRL

wi76DEVIL
«2270E=J1
«1020E=01
«67B8E=a2
«%292E=32
2479 =02
Lak=y2
el485c=02
»1265E=32
«lUGOE=y2
+3000E=-03
0752%c=.3
«5851le-33
«5467E=33
a7 YE~1]
#3G55%e=y3
«3431:-03
«29.4L =3
«2502E=03
«2493E=23
$i897c=23
slb456=03
«l42%9t=33
el244t=-.3
eiCole=Jda
eFacIt~vs
e0231E=J4
aTiBoe=v4




FINAL OUTPUT FOR FINE MESH

FORCE CODEFFICIENTSs PRESSURE COEFFICIENT, AND MACH NUMBER
{OR SIMILARITY PARAMETER) ON BODY AND DIYIDING STREAM LINE,

Figure 4-4.- Continued.

B = BEFORE OR BEHIND AIRFOIL
CL = 618170 U = UPPER AIRFGIL SURFACE
CH = =,182947 L = LOWER ALRFOIL SURFACE
CPx = =, 603170 * » CRITICAL PRESSURS
LOWER UPPER
Yug= Y=g+
I x ce u1 c? "l
1 -1.075600 o€34032 +733359 034032 +733359 3 .
2 ~-.950000 +038228 .731281 033228 «731281 8 -
3 —e 825000 «043603 «728611 « 043603 «T28611 ] L
& =+700000 «051881 « 724478 oR51881 oT244T8 b *
5  =,575000 £ 064692 .718036 +064692 «718036 3 M
6 =.45000). «G84149 $706141 «084169 +708141 4 *
7 ~.350000 112631 $633421 .112631 «593431 " .
8 -.25C000 £1561C4 «6702738 .15510% .670278 3 M
9 =.175000 217044 2636452 2227044 636452 8 .
10 =.125000 +297629 588744 +297629 588744 3 »
11 ~4075000 «410957 «514216 4410957 «514216 8 .
12 -.0525G «536533 «416334 «536533 P416334 M
13 -.035000 : 285993 £6£2740 +285993 8 .
1s -+022500 e 794714 J.,LoLCLY o T9%714 04000000 *
15 ~-.015000 .918801  DeLOLCUD «918801  04000L0Y .
16 =.007500  1.041777 04030000 14041777 34003000 ] .
17 -.002500  1.163438  0.520000 1.163438  G.0JuCdu 8 .
AIRFOIL LEALING EOGE ALRFOIL LuADING £2GE
18 « 002500 14407124 0.0000G0 «929811 0.039000 L .
19 +0C7509 +84€589 240010V +364417 +546055 u *
20 «01250) 054595( «43B04G 069857 «T15423 J *
21 017500 +358899 +549707 -.133933 .812186 L .
22 «022509 .225092 0629549 $876L36 L .
23 «027500 0134081 «682090 0923939 L J *
24 +C32500 «0617306 +719528 +954598 L .
25 «037500  -.C)1223 $759591 4936946 -
26 +045000 -, 065930 +781231 -0646691  1.015661 .y
27 «055000 =elzb525 «838871 -+ 741993 14049139 »
28 «065000 ~+175851 «830693 =+ 849193 14035564 L L
29 «075000 —e215274 0847730 =-e93840L2 14114969 L .
30 «085000 —-2248385 « 861778 +005396 le136551 .
31 097500  -.281083 +875431 -1.023936  1.34245. .
32 2115000  -.315831 889710 -1,008197  1.137445 L.
23 0140625  —¢34629¢ $9I2L4D -e379322  1.128201 L.
EL «171875 =2364998 « 99530 —e 949933 14118713 L »
s +203125  =,371650 4912179 “923959  1.110261 Lo
3 2234275 +91398% -.967760  1.112653 Looe
37 +265625 =, 365818 +909857 -.879032  1.095487 P
38 0296875 —-e355271 «905644 -+8598039 1084532 L ’
39 2328125  =.340392 1899666 ~.836023  1,081155 L «
<0 +359375  ~-,320565 1891637 ~e81106D  L.u72749 Lo
41 «39€625 —e295204 «B081294% —-aTB122% Le062614 -
%2 1421875 64496 2868532 =e743156  1e049541 .
*3 +453125 «227512 1852949 =701266 14234965 .
L) 04B4375 -e185257 «834790 —. 682262 1.0282904 t .
s +513625  =.138117 +514052 “760964  1.034859 .
46 .546875  -.084282 .789704 ~.742514  1.043455 .
47 «578125 -e23989 «761512 -+782223 le06295> L
48 609375 AC42142 729337 -.328551  1.075282 L .
&9 « 640625 0113148 «69z13C =e836969 1.081472 L *
50 «671875 «187714 052951 —e 775383 1.058947 L *
51 «703125 «2631C7 «63G¢39 e 591993 «995937 L *
s2 «734375 0333402 05606279 - 467771 9490627 L L4
53 « 765625 «392678 «52E951 —-2417877 «930377 L L4
54 «796875 « 436745 2495695 -+342758 2900619 L v .
55 «828125 «h64615 0474867 -e257138 0855454 L »
56 « 859375 478299 404269 -+166233 0826483 L *
57 +865000 +482335 «461135 -.086¢b1 W7937.4 L *
‘58 +90000) $481972 V461421 -.026327 +762624 L .
59 +915000 +479614 +463270 025433 +737599 L " .
ot «930C09 «475295 466639 +376993 «711797 L v .
61 « 945000 «46831¢ $472032 2123491 +685055 L " .
62 +960000 «45755¢ 480226 2183440 +650978 Lou +
63 «975000 «438907 «%94112 «232955 «627320 L U *
64 +990000 o 4D 741 2516572 .282137 +598223 Ly .
65  1.000000 +353399 0533324 «314981 .577981 Ly .
AIEFOIL TRAILING SD6GE AIRFUIL TRAILING EZDGE
(1] 1.01C000 «28558( 0596122 «28558¢ »596120 [} *
6?7 1.025000 «248178 0618456 «248178 «618456 [\) «
68 1.05C000 +269303 2040847 $269333 640847 8 .
69  1.050009 «176951 1662196 «173951 «662196 3 .
70 1.150000 .13672¢ 680682 .130726 1680682 B .
7 1.2250C0 0110229 05694661 21120219 694661 B8 .
72 1.30€000 +09¢361 4704952 +G90361 +704952 B .
73 1.400G6D 074751 .712938 .074751 +712938 8 .
74 1.500009 +C6 2705 +719039 «062705 «7.903Y 3 -
75 1.625000 «053453 .723691 +053453 723591 3 »
16 1.750000 «040683C «727002 «046830 «T270G2 B *
77 1.875000 « 041477 2729668 041477 $729568 3 .

=

[;

ccc



PR PO NTO

Y=GRID VALUES, Y{d) J= 1T0 86

=5, 200000 =44400000 =3.600000 =3.000000 =2, 400030 =1.,95C830 =1.608972
=1.150000 = 950000 =+800000 =+650000 =+ 550009 4500C0 ~e390200
=+ 300000 =e270030 =2 240000 =s+210000 ~s180200 150000 =+125000
=+ 075000 -+ 050000 ~+«030000 ~+310G00 « 310000 +0300G3 « 6502207
«190C00 125000 «1500C0 +180000 +210000 +240000 270000
» 340000 +390000 «450000 550003 « 650000 « 800000 « 950000
10350000 1. 600000 1.950000 24400050 3.000000 3606002 40 420200
FLOW CAARACTER MAP
SEERAREPEE SRR Y
P = PARABOLIC
H = HYPERBOLIC
§ = SHOCK
~ = ELLIPTIC
PHHHHS
PHHHHAS
PHHHHHHS
PHHHHHAHHHS
PHHHAHAHHS ==PHHS
PHHHHHHHHHSS PHHHHS
PHHHHHAHHAHAARHHHAS
i e e e e PHHHHHAAAHR4HHAH HAHS

P HHHHHHAHAHHA YRAHAHHHS
PHHHAJHHHHHAHAHHHAAHHHS
PHHHHHHHHHAHAHHAHHHHHHHS
P rAHHHHAAAAY 11444 AHAHHHHAS

Pigure 4-4.- Continued.

=1a353302
=e342322
=¢100000
«0T500s
«300300
is

52353333




MACH NUMBER MAP

shEdh bk dkih
SYnaaL RANGE SYMBOL RANGE syYmsoL RANGE
[} MeLEe0.D5 A De95:LTaMeLEW1405 K 1e95¢LTaMelEe2:05
1 0e05¢LTeNeLEaQ.15 8 1e05eLTaMelEalelS L 2.05¢LToMoelEa2e15
2 0el5.LTeMeLELOW25 € 1415.LTeMeLEsls25 M 2015.LTeMeLEs24@5
3 0e25¢LToMaLELD.35 D l1a254LTsMalEel.35 N 2e25aLTeMeLEs2435
4 0035eLTeMoLEaQotS E 1. olLEsled3 0 2435:LTeMalEa2445
5 D¢h5.LTeMeLECDSS5 F  le45¢LTeMeLEels55 P 2445:LTeMeLEa2455
6 De55.LTaMalEs0465 G le55eLTeMeLEoslet5 Q@ 2e55¢LTeMelEs2465
T 0e63.LToMeLEcD.75 H leb8eLTeMalEsleTS R 2065¢LTeMeLEa24T5
8 0.75.LTeMeLELG.85 I 1e75:LTeMeLEsleB5 S 2eT5alLTeM.LE.2.85
9 0485.LTeMalEaOa95 4 1e85eLTeMelEsle95 T 2e85:LTeMelES2:95

888585869060 08B880838880066B883088888800388300830203008888088880888883808388888
£8898B9BA6A356608600988080686038080568060806868580808488480888088880838886888
830888886888080088088358888608080805080386880080308008680888000880888860808808888088
865088800088886060586308080008330000688660480808800808589008868806688883888888
8B38808B88088660866800830P888088688860688080808586888350000805808086888583083888
6883089835088686680868886688880383088088850808800688600B888350688800880880388888
86808868588868858068638006800868660888B880686850880308830688888608808838883868888
88880083883 880068680085868862833608080888888088003868003890068880808068886080888
86636868658668686850888808800888508083B608086300638830666336888888888880380888
883868868080688688068888880688868699999999999999808008888688850888888868868888
760888808003 88080836856088088809999999999999999999883688886886368880860388877
7775808068888 68088883836888886889799999999999999999999868868808866688668888387777
777776886688 36886808883888888689999999999999999999999993888386888888083883877777
777777788085 68885838006888699999999AAAAAAA99999999993688883888888880887777777
777777776860 B8680850808658888999999AAAAAAAAAAAAG99999988308398688886888T7727777
TIT777776808880860883888868888999999AAAAAAAAAAAAAA99997808488888888888T77777777
TTTT7777766068868658888B86999999AAAAAAAAAAAAAAAA9999880886688888827777277777
T7T77777777836080868588B88888999999AAAAAAAAAAAAAAAAG999983880088888877777777777
T7ITTTI77776605866808B0886899999AAAAAAANAAAAAAAAAG99998B888B8BBBTT77777777727
TT777777777706088BH60BB8689999FAAAAAAAAAAAAAAAAAAD99988388888T777777T7772777
TTTT77TITTTI77766603888583889999AAAAAAAAAAAAAAAAAAAGD99B8BB8B87TPT777777TT77777
777770777 077777756800365869995AAABBBBAAARAAAAAAAADDG9BALAESBTTT7T7VTITTI?IT7777
P7TTTTIT7T 777777888 8B609999AAABLYBBIAAAAAALAAAASIIGEBBBRATTITTTITIITTI?T777
TTITTTTIT6677777777708686999AAABBBOBBBBAAAAAAAAAAAGYDBLABATT777T727772T27777
TTTTTT77666066677T7770088899AAABBBBBBBBAAAAAAAAAAAYGT IOLBBBTTIT7T7TTTTI27T7777
T77T7776666556606777786899AAABB3BBBBBBBBAAAAAABBAAGYIIBEBTITTTTITIZTT?7I272777
TTTTITT66555444556770B899AAABBIBBBBBBBBBAAAAABBBAAGIIGBEBT 77T THOOETTITITTTIT?
*TTTTTITT76654320001678099AAABBBB3SBHE0BBBBAAAAABBBBADIGIOBEBTTT?606666777777777
=777777766542C00C001456777686888999999999999888B887776655555555555566667T77777777
T771777665443222344566677788669999999999988888777666555555555566666777777777
TITTT77665544445555566667T788889999999998088B87T776665555555556666667TT777777
TTTT7T7666555555660666677T77788688Y99999998B887777666665555566666666777777777
TYITITTTO666666L666666667777788588999999888B687777666666060666666666777777777
TTITIT76666606666666677T1777788B880998888888B77776666E660b660666666777777777
TIT7777766666666667777772777738808366888B888877777666666666066666666777777777
7777777666667 77T7777777TT77775885888B0B88887777776666667666666666677T777717
TN T IININTNITTTTTITITIITTI777808668888688880877777776660066666666666777777177
TN TT NI IVTNITITITT7T777786868380868888777777776666666606060667777777777
TTTVITIVTTTITITVT7T7T7T7277777778888088B888808777777770660666666666777727727777
TTTPTTITTTTVITNITTIITTT7772777778688358BBBBBBTTTITTTTITT776666666677777777777777
TIITTTTTNTTINTTINIVINTIVIIT 7768688880 BBOBYTTIVVNTTVIIVIVIINNITTINIIIININIINLY
TTTNVTITNTTTITTTITTTNTTTI 77777 T7600BBBBBBOTITITVIVIPINIV¢INIRRTIITATIN?NNINIVY
TTITTTITVVNITITVITNINNTIIRIIT IRV IITO8898888727177TIIVINRNVIITNNNIINNNIINIRINNUNY
ITTTIIT TN NN TTCT AR NNOIVNTINVAVRVVTINIANITVNNARINITARNTIITVAN29YN 07N
VN TVINTTIITNITVTTINT NN NN NI TIRTANIAAVTANICANTZTN0R 779N INAATANNIVIIATVVNY0T
I TN PRI NIRRTV VNIV ATVIRINVINRTVININVNTINLIINOLINNNTNOINY
TTTTTI VIV IRATTITTTIATITINIT NN ANVNNIVANNIARATIIANNIINATATTINANI7TIT9277
IV RIIITNTINNNNNNTININNTITNNNNAINNNNNNVINAVTVIINANNRANINRANVNNNNINN9T77 72077
PTTIITINNTTNITTNNTINTITINNNNATINRNNNAANANVATNNNATATINN27227 707NN I2770200 2777
I NINNITITII I NIT NI IARRTT TNV TNITAINATTTNRTTANNITN2ATVINATTINNINNNATNITIINY
TTIRTTITITRIITI RN II NN TR I ANN TN AN TN ANININN NN AININANVAAANAIINNITINTNNAT 0T
TN N RN AN NIRRT RN INNRVANNARNNATNCINININAATINNATANATANTVANTTN7T
T IIINNIIRTIT IRV ANNITNTNRT IR ITNANINNNAIRTANININATAIRITVIININNIINTTNNTNIINY
Nk Rt N e kA A R R AR N S R R R R A R A R R AR A AR A AR AR AR R AN R AR SRR N NAind
TINIT TN T INI TN NI NI NI TN NN AANINIITIITRNNTINN NN TIRANNATYININAIINNINNININNY
L T

Figure 4-4.- Continued,

SYHNBOL RANGE

ANXXECC

2e95eLTaHeLEe3405
3e35eLToHeLEa3als
3015.LToMelLEe3425
3ec5eLTeMaLEe3ad5
3e35eLTeMeLEe3e45
3045eLTeNolEe3 055

HeGTa3455

87



SONIC LINE COORDINATES
Y X=SONIC

+30090 .23428
+27000 £20723
24000 218509
21000 «16381
+18000 +14349
15030 012669
212500 .11184

«07500 08642
«0500C 07393
»03000 06287

37026
39561
«41554
043445
«4508¢
«48161
« 66557
267579
«68326
«68982
209457
+69902

52727

TREAMLINE
SEdBNEPRY

——— ———e sees cme offee cmceece———— - -

L L
[NUNRESAA

PRINTER PLOT OF CP ON BODY AND DIVIDING S
*kdnbe
uuu
1} v
u oy
u uuv U
w uu
v U u v
vu
U v
u
v v
u U
LLL LLL
L [RN N
J L L
L L
L L
uL t
L L
L
L L
UL
L L
L
L
L
L
8
8 L
8
B
L
8
u
B
B
L
SONIC LINE DUTPUT
LRI PRSI PL L LYY
263785
065392

48789

Figure 4-4.- Continued.

®rc

CP(UPPER)

CPLLOWER)

CP{UPPER} = CP{LOWER)
CRITICAL CP



SONIC LINE OUTPUY

I e T
SONIC LINE PLOT Y Vs X % = SONIC POINT
+* +* + + + +* + + + * +*
LA A R L A Al L Ny Yy Yy Y Y Y Y Y P N P PN NPTy ¥
1e5 ¢ . -+
. .
. .
. .
. .
. .
. .
. .
. .
. .
1.0 ¢+, .+
: . v -
. .
- .
. .
. .
. .
. .
. .
. .
3 + . .+
. .
. .
. .
. * * .
. L2 LY -
. [T} e ¥ - .
. * " * .
. * L .
. Ll L 1] -
0.0 + & ——————— —————— BIDY SLIT=—=to——cc——ccn—— . *
. .
. .
. .
. .
. .
. .
. .
. .
. .
-5 + o .t
. .
. .
. .
. .
. .
. .
. .
*le0 4+ .« *
LR R T ¥ T ¥ S
+ + + + + +
-e75 =50 -e25 0.02 23 «50 «75 l.G0 Le25 lab0 175 ¢ 28 PTS)

SHOCK WAVE ODRAG AND TOTAL PRESSURE PROFILE OUTPUT
BRRE R AR RER SRR R AR SRR R FRA SRS ENAH R G R A I RS

INVISCID WAKE PROFILES FOR INDIVIDUAL SHOCK WAVES WITHIN MOMENTUM CONTOUR

SHOCK 1 |
WAVE DRAG FOR THIS SHOCKe 000149
Y [ 184 PO/POINF

0.00000000 00141537 99927800
«01000000 .00138826  +9990956¢
+0300C000  +00133509 499913026
+05000000 00123760  «9991938C
207500000  +0010769C  +99929648
«10000000 00089976 +99941387
«1250000C 00033395  .9957824¢
«15000000  «00030C7¢ 99980412
«18000060  +0Q003761  +9999755C

Figure 4-4.- Continued.



ORAG COEFFICIENT OUTPUT

CALCULATION OF DRAG COEFFICIENT BY MOMENTUN INTEGRAL METHOD

BOUNDARIES OF CONTOUR USED CONTRIBUTION TO CD
UPSTREAN X - =e17500C coupr = =.002898
DOWNSTREAR X = l.225000 CDDOWN = «000679
Tar Y= 40 40000C coToP = +000024
BOTTOM Y= =4¢ 400000 €o80T = =+ 000008

TOTAL CONTRIBUTIONS AROUND CONTOUR = —+002203
THERE ARE 1 SHOCKS INSIDE CONTOUR. TOTAL COWAVE = < 002149
NOTE = ALL SHOCKS CONTAINED WITHIN CONTOUR
COMAVE EQUALS TOTAL WAVE DRAG
DRAG CALCULATED FROM MOMENTUM INTEGRAL co - =+ 000054

'
TIME TO RUN CASE WAS 16.45 SECONDS.
{b) oOutput.

Figure 4-4.- Concluded




SAMPLE CASE 2 - SUBSONIC-

$1MP

BCTYPE=2, H=2.0, ALPHA=2.0, BCFOIL~1, DELTA=0.06, EMACH0.75,

$EMD

SAMPLE CA

EMACH #73000
DELTA «060C0
ALPHA 24 000C0
AK C.Coc00
GAN 1440000
F 0.00000
H 2. 000L0
VE 1.8C5149051.9
XIN
=1.075000 =e950&
=e1250
«0025
0450
«1718
4218
6718
«9000
1.000000 1.0100
1.400000 1. 5000
YIN
=2.000000 -1.8000
=+550000 -+4500
~+180000 ' =e1500
«010000 «039%0
210000 «2400
«65000C «800v

SE 2 = SUBSONIC = NACADDOS

POR = 0,00000
CLSET = 0.00000
EPS = +20000
RIGF = 0.00030
WCIRC = 1.,00000
CVERGE = +00021
DVERGE = 10.0
5
03 ~a825L00
09 =+075000
02 «007500
00 «035000
75 203125
75 e453125
75 « 703125
032 2915000
00 1,023000
00 1.625000
0o =1.600300
(1] ~«390000
0 —e125200
00 «050000
00 270000
[’F) 1.0G020%

PRINTOUT EN PHYSICAL VARIABLES NORMALIZED

AIRFOIL VOLUME=
INPUT GRID
X

+00250000
«00750000°
+0125G060
«D175C000
+02236606
+02730000
+03250000
+0373000C
+0430€000
«05500.0C0
«06500000
«07500000
«08500600
«09750000
+11508000
+14062500
«17187500

+04108985

UPPER SUR
A\

« 00435834
000742429
#02946951
+01108950
+01245756
+01365308
«01472030
01568694
«016968763
+0185C460
201982871
202099952
+02204384
«02320018
+02458752
» 02622499
202772009

FACE
oY/0x

+8523742)
«47487803
«35793589
«29523888
023448155
022514572
«20264561
18462215
«16315364
«14124882
012421584
11038471
«09879603
«08657702
«072406479
«D56C1496
+04030395

BY CHOR

(a} ZInput.

INPUT PARAMETERS

AIRFOIL = SOLID TUNNEL

REREREREREERARE S
IMIN « 1 8CTYPE
INAX]I = 17 SCFOIL
JMIN = 1 PSTART
JHAKI = 48 PRTFLO
MAXIT = 500 IPRTER
NU = 100 SIMDEF
NL = 75 Icur
= 70020¢ =¢575300
=«052500 =+235000
«012500 017500
+065000 «275090
2234375 265625
«484375 515625
734375 0765625
«930000 «945000
14150300 1696600
1,:750000 1,87%000
=14403300 -1.200000 -
“~¢340000 =+300200
=e152493 =+675000
#375200 420200
»3060000 +340000
1.200300 Le4DC200

AIRFOIL GEOMETRY OUTPUT
AT LIS LTI L2 ST L)

D LENGTH

LOWER
Y

=+ 00435834
=+00742429
=+00946951

=e01568694
~201693763
~¢01850460

~+02433732
~e02622499
-e02772299

SURFACE
0Y/0X

=s85237420
~s 47487603
=+357393589
—e29323886
=e25448155
=e22514572
=e20264561
~e18452215
~e16315384
-sl4124862
=e12421584
~211033471
=+ 09879605
=eQ86577d2
=s Q7246479
~e 05601496
=2 04030395

"
~n

= 1
- 1
=1
= 10

.
w

=e4 59200
—ed22500
«022500
«7850LL
«296875
2546875
«796875
+960000
Ll 50000

1.900C0C
-+270000
~+050000
125040
390200
1.50CcCCh

MAX THICKNESS =

MAX CAMBER

TH4ICKNESS

200435034,
30742429
«20946951
+01108950
«01245756
#J1365308
21472030
# 01568694
216987565
#»21850462
«J1942871
22099952
«02204384
«J2325018
»324358752
002622499
22772009

Figure 4-5.- Sample test case 2 - subsonic, solid wall
wind-tunnel simulation (fu
airfoil, 8 =« 0,06, a =

1 output)'
53!

NACA

0006

= 0.75, H= 2.

MACAOO06 ATRPOIL-SOLID TUNNEL WALL SIMULATION

WALL SIMULATION

AMESH = F
PHYS = T
PSAVE = F
KUTTA = T
FCR = T
=¢320000 =e250300
=~eU15332 —edu?550
»027500 «232500
197505 21153954y
«328125 359375
«578125 ¢ 609375
+828125 «859375
«975000 ¢ 990000
1e225030 Le3uuaClL
~«8UD300 =e65CIC0
-Zhﬁ;aﬂ “e2ivoit
=eUlLGOU
« 180000
- N
Le8LLu)2 ceCGLI0O
«06321529

* Je0020200

CANBER

Qe ICA0
Jedd0OLIGHL
Q.0C3000L9¢
JewulT3I
0.0C0L00000
Qe 2002000
Je&IovIudd
0.50G03000
Be 20013030
G+ 00932020
000002000
2. 00uLG00D
0.00¢00000
N IGLDSLBL
000000320
0. 00003000
Fe20ULIGOU



ITERATION

+20312500 202877607
23437500 « 02947346
*265625CU 02986957
+29687500 « 03000765
»32812500 02992166
35937500 +€2963913
+39062500 «02918287
«42187300 « 02857204
45312500 «02782297
« 48437500 + 02694961
51562500 «02596392
+54637500 «02487618
«37812500 » 02369511
«409373500 002242811
+64062500 +G2108131
«671973500 « 01965969
«70312500 «01816718
« 73437500 01660666
76562500 +01498005
« 79687500 «01328833
82812500 +01153160
+85937500 + 00970906
«88500000 « 00816435
«90000000 « 00723859
+9150C000 00629651
«9300C000 «00533777
+94500000 « 00436194
+»96000000 « 00336858
97500000 «00235719
+99000000 » 0132724
1.00000000 «00C63C0E
- 1.8080 EPS = 2008
cL (o1, ] IERR JERR
«15585 +0C554 18 6
#23112 =eUClL 64 ie 5
28076 ~+00255 5 1
»31805 ~+00266 4 1
« 34353 =+C0316 6 1
+36199 -¢C0335 5 1
+ 37539 =eCG345 5 1
+38526 =e00348 5 1
«39258 ~¢00354 4 1
«39797 =elCI6C 5 1
40201 =+00363 5 1
« 40501 ~+00364 5 1

$sess4  ITERATION LIMIT REACHED

202769939

«01723458

200834494

«03067163
=+«00602902
=e01193168
=+01716743
-.02183858
~e02602777
-s02980377
-+03322534
-+03634383
=+03520504
=:04185046
=e04431829
=e04664409
=+04885135
~e05100187
=+053C9608
=.05517327
-.05726182
=.05938931
=e06118182
=eU6225745
=eL86335622
=«D6448038
~+06563430
=e06681931
-e068G238T)
-.06929527
=207GC15500

~a02877637
~e 02947346
=e02985557
=+23000765
=e 02992166
=+92963913
-+22918287
=¢02857204
~¢02782297
~e02694961
-e 02596392
—e32487618
-e02369511
~s02242811
-+02108131
=+01965969
-e01816712
=eD16636656
=eU1498035
-¢J1328833
~e03153163
-+ 00973906
~eDDB15435
-+00723859
=« 00629651
-+30532777
=+00435194
=+ 00336858
~203235719
-+ 00132724
=edBN6303

INTERMEDIATE DUTPUT FOR T

MAXIT FOR THIS MESH = 125

ERROR

«3094E-01
«1695E-01
©1525€6=)1
«1155E=01
« 7610E-02
«59742-02
«4%01E=02
+33J8E=-D2
0 2445E-02
«1834E-32
«1362E-U2
«9913€-03

L L1221

IRL

TR

JRL

ol
el
2
ol
o1
9
o7
o5
ol
2
2

ol

CCOCOTCOOD W

-e 02769939
~eJ1723458
=+00834494
=+ 00067163
«20632902
«01193168
«01716743
+02183858
+ 02602727
+32980377
«03322534
+33634383
203920554
« 04185046
«04431829
«UGb64409
«G4886135
«05100187
#C5309608
«05517327
«05726182
+05938931
«06113182
206225749
206335022
«06443388
06563630
«06681931
«36833371
+06929527
«3T31553¢

DARSE MESH

BIGRL

T87E403
617E+403
157E+C3
TG3E+0L3
203E+03
540E+72
173E+02
425E402
931E+32
988E+02
262€402
653E+422

Pigure 4.5.- Continued

02877607
+02947366
«J2986957
«03060765
«2992166
«02963913
«02918287
02657204
202782297
+02694961
02596392
«02487618
22369511
«I224281)
«32106131
01965969
#J1816718
01660666
1498005
«01328833
«J1253363
«2097C9C6
«J0816435
«20723059
+00629651
«30533777
030436194
+00336858
«10235719
«20132724
«00063600

ERCIRC ICPY

«2912E-01 1
016328=01
«l172E=01 1
eB32uE=-22
«5963E-02
«4317E-L2
03147E-22
02329E~02
«1719E=22
01272E-02
+9612E-03
«7084E=03

NNNETORE AW~

0.00003000
04D0JUB250
0.00002300
0400900600
U.0000UR00
0. 00002030
0.00000000
0e00TI0IT
0. 000u2030
0.0000480C
0.00000420
0.00uU02000
0s00CD IO
0.00002000
0.3000200¢
0.3000L330
9. 0000000
0200000000
GoULLLILID
Qs 0LCLOGOD
Nelshe
JeuBlwlol:
04 30GCITIC
0400LLOLIT
0. 5CLGLU0
Geu?00GI000
Uew G000y
0400000030
Q. 00CCUCOL
0. 00CCINDT
0.J0000060

CPERRU

#3%1i6E=0L
«IBUIIE~SL
«5577E=-0L
et3l2E=iL
¢3373E-ul
03152£-01

elr23E=11
R EER IO
el222E-01
e F667i=22

ICPL

=7
9

CPERRL

«FEITE+uu
«9380k=dl
«5963E=21
«l973E=21
«1352E-0U%
eBLS2E~u2
042432=92
«3706L=32
021L2k=u2
«iB73u-02
o1599E~32
ev.24c=.3



FINAL OUTPUT FOR COARSE MESH

FORCE COEFFICIENTS, PRESSURE COEFFICIENT, AND KMACH NUMBER
{OR SIMILARITY PARAMETER)} ON B0DY AND DIVIDING STREAM LINE.

O@~Ne VWIrWUNM =

ITERATION cL

cL = « 406213
Ch = ~,003640
CPe » «~,503170
LOWER UPPER
Y=0- Y=0+
X ce "1 cpP L}
=1.075000 -+018071 « 758688 -+018071 « 758688
~«575000 «003535 « 748289 «003535 « 748289
~e1750€0 053214 »723811 «053214 «723811
~+035002 01206463 «686128 +126463 +686128
~+002500 ¢ 167177 06646260 0167177 «554260
AIRFOIL LEADING EDGE
«017500 «622808 «332800 ~e2816J38 «B75643 L
«037500 e 414301 511853 =+592233 «993297
«075C00 2216522 +635038 ~a7682709 1.063121
2140625 «05457) «723130 —e721086 1l.041887
0265625 =+033574 «766063 —e5344611 e 974743
3900625 -« 049898 « 773752 +9136C4
«515625 - 039715 «T68965 880471
« 640625 =+019512 « 759376 = 208677 «844903
« 765625 «008226 «T46012 =-.d27227 «8379184%
«885000 «045206 « 727812 -e045285 «771587
«945C00 + 086691 « 706838 »030511 «735098
1.000000 «147981 «5T4659 0129331 «b84611
AIRFOIL TRAILING EDGE
1.090000 «101108 «699402 .1011c8 «699402
1.400009 «0435C5 « 728659 03413505 »7280659
1.875000 « 012993 « 743651 «012993 e 743691
Y=GRID VALUES Y{J) 4= 1 7D 12
=2¢000000 =1+ 200000 =e550000 =+300000 =+ 18G020 =e0D75009
«300000 «550000 1.200002 24000020
INTERMEDIATE DUTPUT FOR MEDIUH HESH
WE = 1.9000 EPS = +2000 MAXIT FOR THIS MSSH = 250
(4] IERR  JERR ERROR IRL  JRL BIGRL
«40866 «001C9 9 10 «2390E~02 9 12 $119LE+03
«40958 «L 0085 26 13 «2956E-02 10 12 «7445E4C2
«41075 + 00088 16 13 +3353E-32 1 12 «5TTBE+02
«41180 +0CC91 15 i3 +3685E=02 10 12 «50b43E+02
. 41275 «00093 16 13 «4000E-02 12 12 «h120E4G2
«41357 «0CL93 15 13 2 4271€-02 10 12 «3488E402
«41433 « 00095 15 13 +4503L-02 10 H «302uE+02
«4150¢ »GLL96 17 13 «6711E-02 19 12 «2635€402
«41558 « 00097 17 13 «491BE=J2 10 12 «2318E+02
041610 «+0C098 17 13 «5G31E-C2 le 13 «2DILE+D2
41655 «00098 17 13 «5233E-02 14 13 »2128E+02
041695 «C0G99 17 i3 «5360E-02 14 13 «2161E422
«41729 +00099 1?7 13 +5471E-02 14 13 02189E+D2
241759 «CC100 17 13 «5568E=02 14 13 02214E+0Q2
°41785 «00100 17 13 «5650E-02 14 13 «2235E+02
+41808 +«CC1C0 17 13 «5718E-02 14 13 «2252E+02
v41828 «CC100 17 13 «5T789E=-D2 i6 13 «2268E+02
041845 G010 17 13 «5836E-G2 1 i3 «22082E+02
«41860 «00101 17 13 «5885E=02 14 i3 02295€+02
«41873 obC1C2 17 13 «5926€-02 14 13 «2305E402
v41885 +00101 17 12 +5958E-02 14 13 «2313E+02
« 41895 ofL10} 17 13 «5988E-02 14 13 «2321£+492
«41904 +0C101 17 13 s 60L9E=(2 14 13 02328E+02
«4l911 +00101 ir 13 250RGE~D2 14 i3 «2335E402
+41917 «00101 17 13 «6064E~02 14 13 «2340E+02

‘#eseed  ITERATION LIMIT REACHED #&séss

Figure 4.5.- Continued

B = S8EFORE OR BEHIND AIRFOIL

U = UPPER AIRFOIL SURFACE
L = LOWER AIRFOIL SURFACE
* = CRITICAL PRESSURE

B
B

B
AIRFOIL LEADING ZDGE
'}

L

8
AIRFOIL TRAILING £DGE
8

075000

ERCIRC

@l412E=-23
+4803E~-23
e4P7iE-d3
»593¢éc=-.3
«7167E-33
«81l25E=313
«B9BLE=-23
«9789E-03
«1051E=-22
«1115E=-.2
«1169E-02
+1216E-12
0l20LE=2
»129BE~22
«133CGE=D2
«1358E-02
«1382E-22
el4c5E=,2
Wl424E=D2
el44lE-02
01454E-02
s1466E-02
«1478E=22
«14B83E-02
01496E=-D2

Ly

8

ISPV

33

8

«l80302

CPERRU

eliB4E+LL
E=0L

23490E=02
s 725%0c~u2
e5412E-02

043 IME=. 2
+3345E-C2
«2Buge=02
e2338E-02
02324E-02
alPiTE~V2
el3GIE=u2
el2?2t=C2
elllI2E~ ¢
«3FL2E=C3
e9B8Z5E=03
e 7393E-u3
«5304E-0C3
el 3
25247i=33
«33064E=03
«3696E=-03
«2403£-03

Icet

A REERI R AR EB RS EFERES

-

CPERRL

«9603E+0u
«lCBLlE=J1
«1852E-02
0l417c=02
«1576E-J2
«9930e=~23
#5217c=03
+3527E=23
«3272E=-03
24526E-03
«2Bi1E=)3
«1220€-23
«9542E=04
«F442E=24
«T375E-04%
ol504E-)3
o3704E=J4
«3538E-04
«6339E=04&
«4B837E-04
ell43E=-u3
o 4L29E=U4
«4542E=04
05441k =34
«3650E=u4



FINAL QUTPUT FOR NEDIUM MESH

FORCE COEFFECIENTS» PRESSURE COEFFICIENT» AND MACH NUMBER
(OR SINILARITY PARAMETER) ON BODY AND DIVIDING STREAM LINE.

OBNONPWNE -

TTERATION cL

CL'=s ,419173
CH = + 001013
CPe = ~,6D3170
LOVER UPPER
Ye0- Y=0+
X cP M1 cr N
«002003 «749030 «002005 «749030
+007070 « 746573 «007070 + 746573
«01 6663 « 741899 +016663 «741899
«04C483 «730162 «040483 « 730162
«093139 «703522 +093139 « 703522
+181941 2656149 +181941 «656149
«273822 «603231 ° 273822 603231
=«015000 2338124 «563247 «338124 2563267
- 002500 *376340 «538078 «376340 «538078
AIRFOIL LEADING EDGE
«007500 « 918258 2.000000 =e153460 «820859 L
+017500. «667224 0280249 = 482750 «955330 L
«027300 «500325 - +4460221 - 797783 1.068251
«037500 «376881 «337713 -.980251 12128499
«055000 «253899 «615092 -2 963540 1.12311e
«075000 +158315 +5669080 =a 9646368 1124029
«097500. «080143 «710199 =+965500 1el23748
0140625 «01C78C «T44769 -+932189 1e112946
*202125 ~+034680 + 766586 ~e 756319 1.054080
«265625 -e055329 2776294 -e518140 « 968672
*320123 -. 061852 «779335 415366 929297
390625 -+ 060557 ‘e778732 -+381778 «916197
453125 - 054680 «775990 -+336338 «898030
«515625 - 045948 «771899 ~e291638 «879793
«578125 -.035322 +« 766690 =e248323 2861837
«564062% =~e023147 « 761111 =s207236 0844284
«703125 - 009215 754443 =+165908 «826340
« 765625 «007169 746525 ~e123632 «807573
«828123 «027703 «736482 =e 077478 «786573
«885000 « 050578 +725130 ~:030166 « 764448
«915000 « 074440 +712096 +008169 « 746039
945000 «100656 «699635 «051955 0724441
«975000 4141788 «677979 «209049 «695272
1.000000 «199429 obh6411 «19231¢ 650391
AIRFOIL TRAILING EDGE -
1.025000 «153756 671547 «153756 671547
1.090000 «092927 «703631 «092927 «703631
1.22%000 +052008 + 724415 052008 « 724415
1.400000 «030676 735017 «030676 « 735017
1625000 2019647 o 740438 2019647 « 740438
1.875000 +011119 - 744604 011119 o Th46D4
Y-GRID VALUES Y(4) J= 1 TO 24
=2+ 000000 ~1.600000 *1.229000. =+300002 -+550000 -+ 390000
=+ 180000 =-+125000 -:073000 =+030000 «Q30000 «075000
+240000 300000 +390000 550000 +80003) 1.266009
INTERMEDIATE OUTPUT FOR FINE MESH
WE = 1,9500 EPS = «2000 MAXIT FOR THIS MESH = 500
cH IERR  JERR ERROR IRL  JRL BIGRL
*e 42002 «00324 9 25 - +23861E-02 17 24 «#833E+03
« 42058 «00327 17 17 «9564E-03 17 24 «2836E+03
« 42107 + 00340 T2 36 «4896E-03 17 24 «1970E+03
42159 «00343 16 28 *3429E-03 17 24 «1457E+03
«42210 «00340 16 27 «2593E-03 17 24 +1133€403
42238 «00342 16 28 "2 2195E-03 17 24 «9633E+02
«42302 «00343 16 27 ¢1850E~03 17 24 +8260E+02
42343 «00342 21 1 «1725E-03 17 24 o T436E+02
042383 00341 18 1 +1598E£-03 17 24 «654TE+D2
«42419 «00342 12 1 «1416E-03 17 24 «596TE+02
« 42453 «00342 16 4 «1294E-03 17 24 «5527E+02
242485 «00342 14 4 +1171E-03 17 24 «5109E402
42516 000343 13 6 «1083E-03 17 24 «4761E402
042345 00343 18 1 «10%3E-03 17 24 «43I9TE+02
42572 «00344 18 3 +9330E-04 17 24 «4069E+02
«42598 «00344 16 2 «B8833E-04 17 24 +3785E+02

rigure 4.5.- Continued

UPPER

*erCo

B
AIRFOIL TRAILING £DGE
8

=+300000
«125000
1.600000

. ERCIRC

«8166E-04
+1431E-03
+13556-73
+1307E~33
«1346E-03
«1238E-03
«114DE-G3
«1075E-03
«1002E=-03
+9275E=04
«BTTTE-04
«8375E-04
#»7901E-0%
«7460E-04
«IDITE-D4
«6584E-04

IcPU

= BEFORE OR BEHIND AIRFOIL
- AIRFOIL SURFACE
= LOWER AIRFOIL SURFACE
= CRITICAL PRESSURZ

=e242002
+180002
24000000

CPERRU

«1201E+01
«5844E-01
«3232€-01
02675601
«1363E~01
«13UJE-0}
oli7BE=-D1
«8355E=02
e6372E-02
«6539E=02
«5201E-02
+490)E=-D2
e %32BE-02
+4103E-02
+4285E-22
+3810E-22

ICPL

FRRBERBR SRR BB ERIRAARERIRSE HRBERBENE

LR RN )

cccc

CPERRL

«1378E+01 "
o1734E-J1
e 7999E=02
«5662E=-02
02689E=~J2
«1462E=02
*iU52€6=02
«l06JE-D2
«5330E-03
«2572E=93
+2063E-03
«2704E=-03
+1983£=03
«2563E-23
«1146E-93
«9666€=24



PRINTOUT IN PHYS
DEFINITION OF SIN
BOUNDARY CONDITIO
DIFFERENCE EQUATI
KUTTA CONDITION I

MACH

DELTA

ALPHA

K
DOUBLET STRENGTH
AIRFOIL VODLUME

PARARETERS
T

CPFACT
CDFACY
CHMFACT
CLFACT
YFACT
VFACT

«00345 14 1 +8200E~04% 17 24 «330DE+02
«00345 15 1 «T606E=-0¢ 17 24 «3257E+402
«00345 18 1 «7052E-04 17 24 +3017E+02
«00345 18 1 +5571E-04 17 24 +208D2E+02
+00343 16 1 +624TE-04 17 24 «2629E+02
«00346 14 1 «58)9E=04" 17 24 «2449E402
«00346 15 1 «54L4E-D% 17 24 «2293E402
«00346 18 1 «3042E-0% 1?7 24 «2134E+Q2
«00346 18 1 «4T70TE=-0% 17 24 «198BE+02
«00340 16 1 +&4TIE-04 17 24 21071E+02
«00346 14 1 +4169E-04 17 24 «1746E+02
«00347 21 1 «3889E-04 17 24 «1638E+02
200347 18 1 *»3623E-04 17 24 «1527E+02
«00347 13 1 «3336E-04 17 24 «1423E402
06347 16 1 03224E-04 17 24 e1343E+02
00347 14 1 «3003E~04 17 24 +1255E402
«C0347 21 1 «2002E-04 17 24 «1178E+02
00347 18 1 « 2612E~04 17 24 *1D99E+02
«00347 18 1 +2441E-0% 17 24 «1026E+02
200347 16 1 «2325E~04 17 24 +9671E401
«00347 14 1 «21566E-04 17 24 «9042E+401
«00347 21 1 « 2022E~04 17 24 eB494E+Q]
«06347 18 1 «1884E-04 17 24 «T924E4+01
«00348 13 1 «1762E-04 17 24 o T40CE+01
«00348 16 1 «16T0E-04 17 24 «697TE+01
«G0348 14 b3 «1563E-04 17 24 «6525E+01
«00348 21 1 +1460E-04 17 24 «6130E+0)
+00348 18 i »1360E-04 17 24 «5720E+01
«00348 13 1 +1272E=04 17 24 +5342E+01
«00348 16 1 +1212E-04 17 24 «503T7E+01
«00348 14 1 «1129E-04 17 24 «4711€+01
«+00348 21 1 «1054E-04 17 24 o4426E+Q)
+00348 is 1 « G824E-05 17 24 «4130E+01

*¥4s 4% SOLUTION CONVERGED ¥weess

LXI I TIT L PE TN LT
L] *
* FINAL DUTPYT @
» L]
LALEIEIEILIEIT1 Y]}
ICAL VYARIABLES.
ILARITY PARAMETERS BY KRUPP
N FOR SOLID WALL
ONS ARE FULLY CONSERVATIVE.
S ENFORCED.
« 7500000
« 0600000
2.0000000
348061213

0516114
20410899

USED TO TRANSFORM VARIABLES
0 TRANSONIC SCALING
= +»1901683
- «0114101
- «1901683
- «1901683
- 2494952064
- 344377467

Figure 4.5.- Continued

+6210E=04
«5B819E~04
+5459E=04
«5117E-04
«4B05SE-D4
24525E=04
«h229E-04
«3963E~-04
+3713E-D4
«3483E=04
3270E~D4
«3062E-04
«2871E-D4
«2686E-04
«2519E-04

-e237DE=34

«2213E-04%
22075E-04
21941E-04
«1820E~-04
«1713E~04
«1599E-04
«1499E-D4
«1403E=04
1315604
#1237E=04
«1155E-04
«1083E=04
«1013E=-04
«9499E-)5
«B93BE=05
«0347E-35
«7826E-05

+3572E-02
«3298E-02
¢2904E=-02
«2B66E=-02
e2544E=02
+2460€-02
2 2265E=-02
«2327E-G2
«2047E~02
«1807E-02
«1750E-02
+1619E~G2
+1448E-02
«l4h8E-02
«1297E-02
o125BE~-C2
«l164E-02

-eld4lE-D2

olI55E=G2
»9338E~03
«9358E=33
«8393E-03
«7513E-03
o 7616E=93
«6742E~03
«6541E-03
«6J62E-23
¢5426E=03
«55U2E=03
«48795-C3
04726E-03
v4383E-03
+3920E-03

«1552E-03
«1096£-03
«1790E-03
+7496E-0%
+4590E=04
»1C85E-03
+5778E-04
«2241E-33
«5211E=04
«3307E-04
«7669E-04
-4585E-04
«BB9TE-D4
«4030E=06
2 2604E-06
o550 7E=04
©3435E=04
«6419E-04
'e2982E-24
21934E-04
«3978E-u4
«2516E-34
2hB&LE=D6
«2174E-04
+1416E-vé
+2877E-04
+1825E—d¢
©3359E-24
«1575E~0%
«1C21E~=34
«2082E=04
$1321L=04
«2430E=u4



FORCE CDEFFICIENTS, PRESSURE C
(OR SINILARITY PARAMETER) ON BODY AND DIVIDING STREAM LINME.

OBNO VNP WAIE

cL =
cn =
CPs =

-1+075000
=+950000
~+825000
=« 700000
-+575000
-«430000
=+350000
=e250000
=+175000
-»125000
=+075000
~+052502
=+035000
-+ 022500
-¢015000
=«007500
=+ 002502

+002500.

« 007500
«012500
«017500
022500
2027500
« 032500
«037500
+045000

«055009.

+065000
«075000
+085000
+097500
«115000
«140625
«171875
«203125
«234375
« 265625
0296875
«328125
339375
+39C625
04621875
«%53123
+484375
«515625
+546875
»578125
«609375
*640625
«671875
«703125
aT36375
« 765625
« 796875
«82812%
«85937%
+ 885000
+900000

+915000.

« 930000
« 945000
+960000
«975000
+990000
1.000000

1.010000
1025000
1.056000
1.090000
1.150000
1.225000
1300000
1.400000
1500000
14625000
14750000
1.875000

« 429390
« 003479
-+ 603170

LOWE
Ye0-
ce

+008699
010789
«01355%
«018026
$025241
4036605
053754
+ 080668
+119291
.171516
+266613
+331554
«419¢85
$511797
+597950
678253
«742611

AIRFOIL
+322901
+ 946407
£ 729237
#579391
670267
+388169
+325¢69
. 269801
+213693
+162263
.122016
2091169
1065166
«039543
+012083
—-. 015648
-.037047
-.052108
-.061703
~.067407
- 070239
- 070966
- 069920
-.067660
-1 064611
-.Co6386
- 055747
-.050613
-045L66
-, 039155
-.032899
-.026289
-.019282
-.0116C0
-.003719
+005148
4015074
$026472
«039336
+051919
+062681
073360
«085997
«201577
121871
«150702
.192528
+249123

AIRFOIL
+215841
«165663
.123379
+085664&
£064386
«047177
+035660
«026855
+020885
+015970
«012765
+010204

=

DEFFICIENT,

R
Ml

« 745782
«TH4T65
«T43416
e 741232
«737693
+732086
» 723540
+709922
«689909
+661886
619373
567461
508452
437351
«358868
«265456
0139665
LEADING EDGE
0.000000
0.000000
2183162
377158
470577
»530045
571591
605644
+638358
« 666937
«638475
« 704537
« 717797
+ 730629
«744134
757241
2767705
774788
« 779266
+781916
«783228
«783537
793081
«782033
«780525
«778653
2776489
« 774087
«7714084
« 768700
« 765743
+762606
« 759267
+ 755685
2751796
«T47507
¢ 742675
«737088
+730731
» 7264459
«719051
0713655
« 727194
6991539
688551
«673194
«65C271
+617902
TRAILING EDGE
637137
+665085
+687757
«705311
718191
726829
732653
+7369C0
« 739979
+ 742237
«743802
« 745050

FINAL OUTPUT FOR FINE MESH

ce

+008699
013789
+013355
+018026
«025241
+036605
253754
+080668
«119291
171516
+246613
+331554
419085
511797
+597950
+578353
+ 748611

«0D76052
=eh56367
=+807212

=1.005689
=1.024078
=1,046277
=1.074236
-1.080525
=1,077035
=1.J71093%
=1.067760
=1.066786
=1e065945
=14062660
=1.054815
=1.042097
~1.025352
=1.021581

-e845911

=¢515745
346674
370809
=e371587
~»360922
—+344785
=+3261J1
~e3D6299
=+ 286087
-+ 265806
245599
—e225698
=e205458
-.185381
=»163116
—e144455
=-+123119
=e100721
-s076713
~e051494
- 028437
=e029777

«007891

027957

051517

«080671

119656

173673

+243370

215841
2165663
0123379
089664
064386
047177
+035460
«026855
« 020585
«015970
012765
«010204

Pigure 4.5.- continued

AND MACH NUMBER

UPPE
Y=0¢

R
Ml

«765782
2 Th4765
«TR3416
e741232
«737693
«732086
723540
« 709922
«689909
6618086
619373
567461
+508452
«437351
«358868
2255456
2139665

«712276
«945253
14071447
le136645
lelh2497
lelé9522
14158309
1e169277
14159185
14157324
1l.156280
1e15597%
10155711
lel54686
1.152213
1.148202
l.142901
16135333
1.084467
«IBTTTH
0922194
0911845
0912154
«907904
901435
+893886
«885815
«877501
+869079
« 860605
«852092
«843529
«B34843
.825993
+816871
«807343
«797218
« 786229
«T74500
« 763627
« 754713
« 746175
+736357
« 724660
« 709920
o689612
«650703
«621269

«637137
«665085
+687757
«705311
7168191
« 726829
«732653
+736900
« 739979
« 742237
+ 743802
+ 745050

*srcw

BEFORE OR BEHIND AIRFOIL
UPPER AIRFOIL SURFACE
LOWER AIRFOIL SURFACE
CRITICAL PRESSURE

8
AIRFOIL TRAILING EDGE
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B
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Y=GRID VALUES YiJ) J= 1 TO 48
=2,000000 ~1.,800020 ~=1.500000 -1.,400000 -1.20000) ~-1.000000 —+8006003 -+ 650002
=+ 550000 =+ 450000 ~«393000 -+340000 = 300000 =+270000 -» 240000 =«210000
=e118000C ~«150000 -e125Q00 =+103000 =0 075028 -.050000 =030300 =«010000
+010000 +030000 «050000 «075090 « 100000 2125000 +150000 182000
+210000 «240000 2270000 +300000 « 340000 «390000 « 450000 550322
« 650000 « 800000 1.000000 1.202020 1.400000 1.600000 1.800000 20000969
FLOW CHARACTER HMAP
CEREPEEEERBPRERENE
P = PARABOLIC
H = HYPERBOLIC
5 = SHOCK
= = ELLIPTIC
48
47
46
45
44
43
42
41
40
39
s
37
36 [
3s PHHS
34 PHHS
33 PHHH
32 PHHHHHS
31 PHHHHHHS
ag HHHHHHHS!
29 PHHHHHHHHS
28 P HHHHHHHHHHS
27 PHH HHHHHS
26 ————— e e m e e P HHHHHHHHH HHHHHS
25 P HHHHHHHHHHHHH N
24
23
22
21
20
19
18
17
16
15
1
13
12
11
10
9
8
7
6
5
5
3
2
1
HMACH NUHMBER MAP
CEERESRERITERES
SYNBOL RANGE SymaoL RANGE SyneoL RANGE SymsoL RANGE
[} MeLEaQa05 A De95sLTaMeLEslal5 K 1e95eLToMeLEe2405 U 2e35eLTertelce3els
1 0e05¢LTeMelEsQelS B le054LToMeLEelo15 L 2005.LTeMeLEL2.15 V. 3.C0%eLTeMaslEe3sl5
2 0ul5.LToeMeLELD25 C lel5eLTeMelSela25 L] .2 W sLEs3e25
3 . o3 D 1e29¢LTeMelEsle3s N . X sMelte3edd
4 De354LTeMoLEaQa4> E le35eLTeMelEale45 0 2e35¢LTeMalEc2445 Y 3e35eLTaMelia3e45
5 0e045.LTeMebLEcOs55 F le#5.LTeMoLEslaS55 P 2.45.LTeHelEe2e55 2 3445.LTeMeLie3 455
& 0e35.LTeMiLEsDES 6 1e55.LT.MeLEs1eb5 Q 2e55:LTaMelEs2405 L HeGTe3e05
T 0e65¢LTeMeLEDe?5 H 1e65.LToMeLEele?5 R 2065.LTeMeLEa2:75
8 0s75¢LTaNeLEsQ485 I 1e75eLTeMelLEsle85 S 2e75sLTeNelEn2e8S
9 0e85eLTeMaLELO.95 J 1eB85¢LTeMelEnle95 T 2e85¢LToMalEc2e95

Figure 4.5.- Continued
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Figure 4.5.- Continued




PRINTER PLOY OF CP DN BODY AND DIVIDING STREAMLINE U = CPL{UPPER)
3 e LI L = CP(LOWER)
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Figure 4.5.- Continued



ODRNOMIWN -

SOLUID RALL BOUNDARY CONDITiuMe

# (TUNNEL HALF HEIGHT) = 2.000000

-¢325000

~+700000.

=+375000
=+450000
~+350000
=e250000
=+175000
=+125000
=+075000
=~ 052500
=+035000
=e022500
+015000
-e007500

-+002500.

«002500
007500
«012500
«017500
«022500
+027500
+032500
037500
+045000
«055000
065000
075000
«085000
«097500
115000
2140625
.171875
«203125
«234375
265625
«296875
+328125
+359375
«390625
421875
0453125
+484375
+515625
«546875
578125
«609375
£640625
«671875
.70312%
734375
4765625
+796875
+828125
+859375
885000
+900000
+915009
+930000
+945000
+960000
+975600
+990000
1.000000
1.010000
1.025000
1.050003
1.090000
1.15C000
1.225000
14300000
1.400000
1.500000
1.625603
1.750000

ce

035447
«037896
«040216
«062319
20644013
2045193
«G45920
« 046272
046303
0046424
046424
+06 6423
« 046467
« 046502
«04£558
«046618
«046618
«046614
« 046610
« 046605
«046599
066592
«046584
«046511
046392
046319
«046268
2046213
046132
«04 6007
«045836
«Ge5612
045341
«045037
+044707
2044354
043982
«043593
»0431809
«042770
062336
+061895
« 041444
040984
« 040517
2040046
039570
«036(91
+038610
«038125
«037638
2037147
2036652
«036155
+035683
«035321
« 0350062
2034622
034581
+034329
034078
«033840
+033649
«033496
+033284
«032962
032482
2031747
«N3C694
029391
027857
026028
«023890
021453
«0188898

CP* = =,603170

LONER

Yoo

THETA

04000007
04000000
04006060
0.030020
04000000
04000000
0.000000
04006000
0.020000
04020009
04090600
9.600000
0.096006
0,000000
04500000
00006600
0.000000
8.00LE0E
0000006
04000000
0.00G090
0.000000
0.006000
0090690
4000000
0,006060
04006000
0.000060
04000000
8.£30009
0.000000
0.0260D%
0.90600%
04006000
J.CI0000
9.000000
0000000
3400T0LY
0.6LLGDD
0.000000
2.£30860
34020003
0.000000
2000000
8090000
04000000
3036039
J.02060U2
0.000000
34036650
0.000000
0.00C000
£4C0C50
0,000000
0.5IL00E
0636000
04000000
9.00C000
0000600
04000000
04030000
04000600
0.630000
0.0060C0
0.,006009
0+000000
2.000C00
0.000000
0.000009
.006000
0.00€000
04630009
0000000
0.030400
0.034600

SCALED H =
UPPER
Yo+H
cP THETA
=e 048436 9006000
= 054969 0.000600
=s062600 0.000000
= Q71347 0.0006000
=«Q80584 9000003
=e089420 0000000
= 097374 0.000000
-»103624 0.000002
=e108106 0.000000
=-»111338 04000029
—el13315 3.00500)
=e114468 0.000000
-.115272  3.530000
=.115802 04030000
—e116193 0000009
=+116499 J.000600
-e116793 0.000000
=+117D536 0.003000
=e117374 Q0400G0UD
=a117657 04000020
-+117936 0.000000
-«118211 0.000000
=elld4dl 040906000
=e118830 04006020
—e119248 0.000000
=¢119739 0.930000
-.l20228 J.030060
-+120697 0.000000
-e121181 0,000000
-e121754 G.0200922
0.006000
-el23327 2.080500
=e124126 0400GC0D
~2l24714 0000000
-e125044 ¢.0000G0
-»125113 e03VGLY
~»124918 04020000
=¢124455 0.000000
—e123733 234006500
=e122760 2. 000000
=e121547 0000000
=el20iV4 De0000W)
=e11B445 24000003
~e116585 J.0230C00
=e114542 04290Vl
-e112330 0.070000
=e109967 0,000000
—+1D7459 £.2200u
~e104855 0.000000
=el22141 Qe0OCOUI
=+ 099344 040000082
-+ 096481 04000000
=+ 093566 0.003G00
=«092612 0.000002
-~ 087767 00000000
=e 085425 J4030CU0
- 083725 3.D3057
-.082286 0000000
-2 080849 . NIBOUY
- 079424 9.000000
~e Q78002 0000000
-e076570 8.000C0D
-¢075253 ¢.000000
—eJ74181 94009606
=2073129 0+00G002
—«071619 0000000
-+069191 2+02060Y
=+ 065429 0.0J0000
= 060213 0.030000
- 0564143 34203000
- 047599 0.020000
~e043577 3020000
-+033290 0.000000
—e025941 0000000
~e018997 0.000GU0

678075

Pigure 4.5.- Continued
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SONIC LINE OUTPUT
E it P T DA 2 L

SONIC LINE CODRDINATES
\ 4 X=SONIC

J01000 01172 .2%674
BODY LOCATION
SONIC LINE OUTPUT
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. .
. .
. .
1eQ + o .+
. .
. .
. .
. .
. .
. .
. .
. .
. .
o5 + . .t
. .
. .
. .
. * .
. e .
. * " .
. * * .
. L . .
. o . .
3«0 + o » . BODY SLIT -+
. .
. .
. .
. .
. .
. .
. .
ot .
. .
=5 4+, .t
. .
. .
. .
. .
. .
. .
. .
. .
. .
=10 + o .
L Ry R TP T P YT P T YR T YRR YT YT Y T Y 0000000000000 000000000000000000000000 0000000t cnRs0abREs
+ + + * + + + + + + +
o753 =50 —e25 D.00 »25 52 75 1.00 1.25 133 1e75 ( 24 PTS)

rigure 4.5.- Continued



SHOCK WAVE DRAG AND TOTAL PREMSURE PROFILE OUTPUT

INVISCID WAKE PROFILES FOR INDIVIDUAL SHOCK WAVES MITHIN MOMENTUM CONTOUR

SHOCK 1
MAVE DRAG FOR THIS SHOCK= +001058
v co(v) PO/POINF

0.00008000 90790009  .99485370
+01000000 00769835  +99498512
«03000000  .0G738523 99524120
+05000000 00677634 499558573
«07500000 00597943  +99610486
«10000000  .00509296 99668233
«12500000 00417618 99727954
.15000000 00328669 .99785897
218000000 .00232634 99848457
221000000 00102329  ¢99933340
«24000000 00066724 99956534
«27000000 00040805  .99973419
+30000060  ,00000895 499999417

ORAG COEFFICIENT OUTPUT
CEPSERRE R NE RS R RN RN

CALCULATION OF DRAG COEFFICIENT 8Y MOMENTUN INTEGRAL METHOD

BDUNDARIES OF CONTOUR USED CONTRIBUTION To CO

UPSTREAM X = =e175000 coup = ~+000055

DOWNSTREAM X = 1. 225000 CODOWN = + 000219

TaP Y 1,800000 CDYQP = +003140

BOYTOM Y. =1.8)0C00 cbsor = +003029
TOTAL CONTRIBUTIONS AROUND CONTOUR = +003333

THERE ARE 1 SHOCKS INSIDE CONTOURe TOTAL CDWAVE = + 001058

NDTE = ALL SHOCKS CONTAINED WITHIN CONTDUR

COWAVE EQUALS TOTAL WAVE DRAG

ORAG CALCULATED FROM MOMENTUM INTEGRAL co - +001391

TIME TO RUN CASE WAS 23.C4 SECONDS.

(b) oOutput.
Figure 4.5.~ Concluded
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SAMPLE CASE 3 - SUBSANIC~NACAOOO6 AIRFOYL-SLOTTED TUMNED WALL SIMULATION

$INP

BCTYPE=4, P=0.066, EPS=0.9, H=2.0, ALPHA=2,0, BELTA0.06, EMACH=0.75,
BCPOILm],

SAMPLE CASE

EMACH = « 75000
DELTA = «060C0 c
ALPHA = 2,00000
AK = 0Q.00000
SAN = 1,40000 W
F = +C6600 cY
H = 2.,00000 oV
WE = 1480,149051,95
XIN
-1.075000 ~+950000
=+175000 ~+125000
=+002500 «00250)
2037500 045300
+140625 «171875
+390625 0421875
0640625 2671875
«885000 2902900
1.000000 1.010000
14400000 1.500000

YIN
=2.000000 -1.800009

~e 450000
=«150000
«030000
« 240000

+550000 +800000

(a) Input.

3 - SUBSONIC = NACADOOS AIRFOIL =~ SLOTTED TUNNEL WALL SINULATION

POR = 0,00000
LSET = 0.00000
EPS = +90000
RIGF = 0,00000
CIRC

1.00000
ERGE = »00001
ERGE = 10.0

-«825000
=+ 075000
«007500
«055000
+203125
«453125
«703125
«915900
l.425200
1.625000

-1.603000
=« 390000
=+125000

+050000
«270900
1000200

INPUT PARAMETERS

TR RSk bR bbbk
ININ = 1 BCTYPE = 4
IMAXT = 7 BCFOIL « 1
JHIN = 1 PSTART = 1}
JHAXKT = 48 PRTFLO = 1
MAXIT =« 500 IPRTER = 10
NU = 100 SIMDEF = 3
NL = 75 ICUT = 2
=+ 7C0020 ~«5375000 =+ 45000L
-+032500 -«035000 =e022500
012500 «u17500 «022500
255000 « 275200 «285000
234375 0265625 229687%
0484375 «515625 «546875
«734375 o 765625 « 796875
« 730000 «945000 «960000
14050200 1.09C00D 1150050
1.750000 1.875000
-1+400000 =1.2€0000 -1.200000
~e¢340000 =+300000
-¢100000 —+075000 -
«075000 +100000
«300000 +«340000
le200200 1le40C000 1460G00L

AMESH =
PHYS =

PSAVE

KUTTA

FCR =

-e35L322
=eC15300
#027592
w9753
»328125
«5781.25
+B8208125
975090
1e22543)

~eB5LLID
=-e¢2400V0
~«032003
+150000
«45C00d
14800243

Pigure 4-6.- Sample test case 3 - subsonic, slotted tunnel wall
simulation (abbreviated output): MACA 0006 airfoil, .
8 =0.06, =29 M =0.75, H= 2., P = 0.066.

=232,
=s 007000
032500
eil5llu
359375
«0U9375
«835937H
*« 390300
1300003

=e050GIwd
=s2lusiv
=e01000C
018u32u
035600
24000000
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INTERMEDIATE OUTPUT FDR COARSE MESH

WE =  1.8000 EPS = .9000 NAXIT FOR THIS HESH = 125
ITERATION €L cH IERR  JERR ERROR IRL  JRL BIGRL ERCIRC cPU CPERRY 1CPL CPERRL
10 +15802 «00490 18 5 #36626-01 3 1 «3173E403 «2974E~01 14 2 545LE+2Y 17 +5350E430
20 «23257 €309 13 6  <1839E-31 6 6 +2311E403 +1551E-31 6 «11295400 8 29997E~21
30 «27626 .00252 5 3 +1299E-01 6 6 +2310E+03 «9457E=32 8 «6227E-01 6 «3455E~01
40 230252 +00261 4 3 «7729E-02 6 6 +1355E403 o5T15E=22 7 «8333E-21 7 21226E-D1
50 «31826 «00275 3 3 +4461E-02 6 & «7757E+02 23441E-02 7 +5491E=01 16 «652BE-02
60 .32783 «00287 4 3 J2748E-D2 6 6 «4T782E+02 22085E~)2 7 e3L01E~u1 16 +2990E=02
70 +33361 100295 . 3 «1661E=-02 6 6 «2892E402 +1263E-02 8 02)53E=01 16 $2014E=02
80 «33712 «00361 4 3 «1016E-02 6 6 «1768E+402 +7692E-03 8 012335-01 16 «1289E-)2
90 +33927 200306 4 3 »6170E-03 6 6 «1072E+02 «4686E=03 8 +8183E-02 A $6482E=03
100 +34057 «00308 4 3 +3735-03 3 6 +6490E+01 «284BE~03 8 e504iE=n2 i6 »4490E-d3
110 +30136 «€ 0310 4 3 +2292E-03 6 6 +3985E+401 +1741E-03 8 +30776-02 le «2877E-03
120 +34185 .00311 4 3 +1385E-03 I 6 «2409E+01 «1G57E=G3 3 0L922E=02 16 $15136-03
esskds  ITERATION LINIT REACHED ssenss
INTERKEDIATE OUTPUT FOR KEDIUM MESH
WE =  1,9000 EPS = +9000 MAXIT FOR THIS MESH = 254
ITERATION  CL cn IERR  JERR ERROR IRL | JRL BIGRL ERCIRC Iceu TPERRU 1cPL CPERRL
10 +34350 £00632 1310 +1818E=32 W00 i W1131E+C3 +1769E-03 33 W1253E40L 1 +9530E43C
20 «36382 .00666 20 13 L8536E-03 10 12 V45ATE4G2 W1370k=13 .3 43399:-14 W2 +7775E-02
30 +36436 +0U653 12 6 » 4063E~03 10 12 +2603E402 W1698E-C3 13 «4333E-11 3u 128136-42
40 «34487 00661 12 13 +33356-33 10 12 +2686E402 W13266-43 13 $2339E-4 2u W1€27E=02
50 £34534 +00672 12 13 ,2B44E-03 10 12 «1859E+402 «1101E-03 .3 125928, -3 2228E=J2
60 «3¢570 0683 12 13 $2442E-03 10 12 «1174E+02 W914TE=C4 e W3703E-TL 12 W1387£-02
70 034604 .€07C0 12 13 #1631E-03 1w i « 87256401 «8511E=04 13 «5204E-01 i2 $7622k=23
80 036632 200703 9 6 +TT37E-04 10 12 «5T4GE4OL $6756E-34 is e4238E-22 L2 «3445E-23
90 «34654 «00703 29 12 .6318E-D4 i0 12 +6240E+C1 W5CB5E~T4 L7 W1175E~02 10 o15722-J3
100 +34870 .00703 25 1z L4TI6E=04 13 12 +3643E+01 4393 TE~D4 17 W6350k= 3 1 el.26E=13
110 +34663 6703 ] 5 +3855E-04 10 12 +3127E401 +3062E-C4 17 $02728=,3 " 3376 =4
120 036693 $CC7¢3 8 5 +3134E-34 19 i2 «2579E401 02404E~08 17  +233LE-D3 i0 «4483E=06
130 «34700 200703 8 6 +24B1lE-04 10 12 «2056E401 21883E-04 W7 25374203 12 3616636
140 «34707 $50703 8 6 +1945E-04 10 12 216148401 21489E-04 17 e 4)45E=03 12 +3110E-0%
150 «36711 +00703 3 6 W3537E-0¢ 10 12 L1268E+81 +1178E~34 17 +3L73E=03 12 «2196E=04
160 036715 +00703 8 6 +1210E-04 10 1z «9984E40T «926( £=95 w7 »23362=13 a2 W1759E=34
170 36718 «C0703 8 6 +947LE=05 10 12 +7830E400 «7283E-25 17 »1933E-13 12 «L465E-34

*+aetx  SOLUTION CONVERGED #¥#%+s

INTERMEDIATE OUTPUT FUR FINE MESH

YE = 149508 EPS = « 9000 MAXIT FOR THIS MESH = 500
ITERATION cL [} IERR JERR ERROR IRL JRL BIGRL ERCIRC ICPU CPERRY 1CPL CPERRL
10 036784 +CCH4 22 21 +1502E=02 22 21 «3997E+02 21223E~03 32 01034l b «i377E+4I
20 034818 « 00863 18 18 «8631E=23 17 24 «2342E+03 «Bb94E=0¢ 33 eb335e-CL 24 al423E=22
30 34846 «00871 16 13 »5411E-03 17 24 +18395403 «bTBLE=C 4 33 02755E=01 20 7369102
40 34876 +00876 13 10 +3373E-03 17 24 «1338E+(3 «8625E~34 33 e1253E=0C e2 s4629L~vi
50 036909 «00 881 16 8 «2559£-03 17 24 «9943E+02 «8524E-C4 34 o 73€7:-02 21 02729L=32
60 36939 +00884 22 ] «19J2E-03 17 24 «7891E+22 «T624E=0 4 3% e5LzuE=L2 24 «1536E-712
T0 34960 00885 1% 6 «1620E-03 17 24 «669TE#02 «6631E-D4 34 e%5397E=22 b w8220t =93
80 34991 «00887 15 8 «1336E=-93 17 24 «5B74E+02 «6875E-04 34 ¢5243€=02 24 «5288£=03
90 »35016 +00891 16 23 «1150E-03 17 24 »5220E+02 «b2)1E-24 34 e543E-u2 24 «64bT7E=D3
100 +35038 «0C892 16 25 +9682E-04 17 24 «%351E+02 e5446E-04 34 e51l84i=22 24 27227233
110 +35057 +C08%4 16 25 «B170E=D4 17 24 «3689E+492 e4820E-34 3% e 4149E-02 24 «5646E-03
120 +35073 006895 16 25 «6700E-04 17 24 »3018E+02 0 4409E=s4 34 e3341E=22 24 ©4923L~43
130 +35090 «C0895 14 23 «5502E-04 17 24 «2489E+0Q2 #3939E=-D2¢ 34 e 2077E=2 24 374,93
140 35104 (0896 14 22 «4620E~0% 17 24 «2086E+C2 «347CE~04 3% «208LE=L2 24 «2390L-03
150 »35116 (0896 14 14 «3943E=04 17 24 «1TT4E+Q2 «3363E~24 34 va?3ve=i2 z ebo2it=uld

Pigure 4.6.~ Continued
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160° 23127 T LGOI ie L} 03311t~08 a7 z» «IDH9E+02
170 «35137 «00897 14 - 8 +3158E=04 17 24 «1368E+02
180 +35145 «00897 15 9 «2801E~0% 17 24 +1210E402
190 «35153 +00897 14 19 +2501E=04 17 24 +1098E+02
200 «35159 +00898 14 11 «2228E-04 17 24 «9043E401
210 «33165 «00896 14 12 «1985E-0% 17 24 +8T86E+0]
220 « 33171 00898 146 13 «1757E=04 17 24 o TT34E+01
230 «35175 «00898 15 12 +1555E=-04 17 24 +6895E+01
240 «35180 «00B%98 14 11 «1386E-04 17 R4 +6122E+01
250 «35183 «00898 14 11 +»1230E~04 17 24 «5436E+01
260 «35187 «00698 14 11 »1034E-0% 17 24 «4843E401
270 «35190 «00899 14 12 *9695E-05 17 24 «4293E+01

#%¢d s SOLUTION CONVERGED #véésw

X IY IR LSS L L L)
* *
& FINAL OUTPUT =
L] »
LIPS TI LT EE S0 L2

PRINTOUT IN PHYSICAL VARIABLES.

DEFINITION OF SIMILARITY PARAMETERS BY KRUPP

BOUNDARY CONDITION FOR SLOTTED WALL

DIFFERENCE EQUATIONS ARE FULLY CONSERVATIVE.

KUTTA CONDITION IS ENFORCED.

MACH = « 7500000

DELTA = 0600000

ALPHA = 2.0000000

K = 3.80061213

DOUBLET STRENGTH = 20462305
AIRFOIL VOLUME = «C410899

PARAMETERS USED TO TRANSFORM VARIABLES
TO TRANSONIC SCALING

CPFACT = «1901683
COFACT = 0114101
CAFACT = +1901683
CLFACT = 1961683
YFACT = 29495264
VFACT = 3.4377467

Figure 4.6.- Continued

«ZT39E=0%
o2421E~J4
«2141E-24
«1B9BE=04
«16B6E-24
«1503E-04
«1336E-04
«11B6E-04
21053E=-04
«9I4BE-US
«8294E=y5
+7362E-05

s1682E=-UY2
«12326-02
«1289E-02
+9305E-03
«B763E-a3
+7859E-03
+7002E-03
«6328k-u3
«5613E-03
+4991€-03
4476E-03
«3901£-33

«lU49E=03
«8295E-04
+546CE~v4
«4003L=04%
«49295E-C4
o4234k=J¢
«4176E~C4
«3995t =4
«3403E-24
«2911E=04
«25TCE=C4
»2339E-24
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e

FINAL QUTPUT FOR FINE NESH

FORCE COEFFICIENTS, PRESSURE COEFFICIENT, AND MACH NUMBER
{OR SIMILARITY PARAMETER) ON BODY AND DIVIDING STREAM LINE.

OONOCRPWNE -

CL =
CH =
Cpe »

X

-14075000
=+950000
=+ 825000
=+ 700000
~¢575000
=+450000
~+350000
-e250000
~e175000
~+125000
=+075000
~¢052500
-«035000
=s022500
=«015000
=+007300
~+ 002500

«002500
«007500
+012500
«017500
«022500
«027500
«032500
+037500
045000
«055000
«065000
075000
« 085000
097509
«115000
«140625
«171875
«203125
234375
0265625
296875
328125
359375
390625
421875
+453125
«4B84375
«515625
+546875
«578125
609375
« 640625
«671875
703125
2734375
« 765625
796875
+828125
#859375
+885000
«90U00I
«915000
+930000
« 945000
+960000
«975000
«996000
1.000000

1.010600
1025000
1.050000
1.090000
1.150000
1.225000
1.300000
1.400002
1,300000
1.625000
1.750000
1.875000

+351895
+1008985
=+ 503170

LOWE
Y-
ce

«016669
«01942]
«02280)
«02775¢
2035234
«04 6499
«063082
«008644
¢125833
«176177
«2649250
332512
»410874
«510796
«596657
«677417
o 748963
AIRFOIL
14306960
«929753
+ 7126084
563201
0454480
«372922
«310278
2255468
199869
#148925
«106C40
0078450
«052623
«027129
=+000250
—e027365
=+ 049406
=e064523
=e074153
~+079852
-¢082633
=-e0832¢CUL
-+0320€1
=+079594
~eQ7¢C83
~e0T1744
-e066738
-+061185
=e055165
~e 048728
—¢041892
~e 0340645
= 026941
=+C18697
=+039781
=.GOrcLe
+010931
0023440
+037484
+051138
062750
«QT4192
087708
«104256
2125654
155784
+199113
«257277
AIRFDIL
« 225079
175309
133274
2099656
+0743C8
056868
«0%4790
«035714
« 028897
#023731
« 020086
«017179

R
L} cp

« 741896 «016669
«T40549 «019421
738892 «022801
0736456 027756
«732764 v035234
«727168 +046499
«718850 +063082
« 705733 «088844
2686461 «125833
«659327 «176177
+617827 +249250
2566849 332512
«508602 «41B8B74
2438180 512796
360172 «596657
0266732 « 677417
«138754 + 746961
LEADING EDGE

0030009 «1l0128%

2.00C000 —a405371
0213462 =e 789476
«392416 =1.027202
o482546 =1.025281
+544376 =1.034301
«380900 =1.051762
26146166 =1.051694
+646164 =1.043051
«674151 =1.033673
665273 =1.027877
+711054 -1.02392})
724107 =1.018759
« 736765 =1.309135
0750121 —e 989874
«763118 =e941996
+773522 ~e 6990662
«780577 - 455088
785039 -s425290
« 787667 =~ 425726
«788946 =+ 407657
« 789207 —e384459
«7088684 =e367129
787548 —+335998
«785930 =+312526
«783925 —+ 289854
« 781606 -e267992
2779025 ~e2406889
0776217 ~s226462
» 773204 —e206611
« 769991 —.187218
«76£570 =+168147
e762916 ~alb49242
758987 -.130317
e 754715 ~e111142
2750030 = 091427
« 744695 =e37)787
«738579 -+048681
« 731650 -e025441
726852 =eQC4147
#749C17 «013139
e713222 0029565
«70€316 +048293
697767 2070397
0696556 «097399
«670451 +135092
«646588 «l86521
«612097 2253477
TRAILING EDGE
«631858 225079
+659805 175309
«682519 133274
e 730154 «093656
0743163 «074308
«721978 «056868
«728019 +044790
«732527 +035714
735894 «328897
+ 738436 023731
o TH0224 +G230386
2741646 017179

UPPE
Yalt

R
N1

« 741896
« 740549
«738892
2736456
« 732764
«727168
718852
705733
2686461
659327
«617827
«566849
«50660L2
438180
360172
«266732
«138754

«699312
+925371
1065427
lel43488
14142879
11450643
1l.151251
14151230
1el48504
1e145539
le.143702
Lel4 2447
10140807
16137744
l.131587
1l.116137
14034433
2 944TT)
«933202
«933431
«920384
«917257
937587
«897892
0888361
«879C57
«859991
0851149
«8325i3
«844016
835641
«827323
+818994
«B810572
+831945
792979
*733482
773182
«762203
«752003
« 763619
0735565
« 726272
«715149
« 721004
«631552
«653613
«615341

631856
0659865
«682519
«700154
«713)063
« 724978
« 728019
«732527
« 735894
738436
« 740224
«T41645

Pigure 4.6.- Continuead
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= CRITICAL PRESSURE

B .
8 *
B *
3 .
3 *
3 *
3 »
[ .
8 *
B *
3 »
8 .
B =
B *
L
*
*
AIRFOIL LEADING €£0GE
] .
u .
-
L -
L *
L L]
L +
L *
L *
L *
L L
L *
L *
L *
L »
L *
L *
L u
L u *
L 1} *
L J *
L U *
L '} *
L J *
L v .
L J -
L U *
L u *
L v *
L v *
L u *
LY .
Ly *
Ly -
L v *
L v *
L v *
Ly T
L u *
[81) *
L *
Ly *
L *
B »
Ly L
B .
8 *
3 ]
AIRFOIL TRAILING E£DGZ
B L)
8 *
8 L]
B L
") -
B -
8 *
B *
B8 L)
8 L
3 *
8 ]

cw

cccccecccecce



TTYSCRID VALUES < T YTI)
=-1,800000 -1.609000.

=20000000
-e'350000
-+180000
+010000
+210Q0C
+630000

=+450000
-+150000
«030000
«243000
«800000

SONIC LINE COORDINATES

X=SONIC

“Im T 1 TOTT4B

399000
+125000
«050000
«270000
1.000000

11078 «13374

08704 o154
07326 163
«05973 189

73
12
09

04625 - L17363
03394 «17785
Q2284 +»18058

INVISCID WAKE PROFILES FOR

SHOCK

WAVE DRAG FOR THIS SHDCKe
Y

0.00000000
«01000000
«0300(000
«05000000
«07300000
«10000000
+12500000
«15000000
+1800C000C

coey)

+00387993
+00368048
«+0033c232
+00284000
00220718
«00162955
+00102354
«0005881%
«00001299 '

01204 +18304
80DY LOCATION .

SHOCK WAVE DRAG AND TOTAL PRESSURE PROFILE DUTPUT
bt Al L L L N I LI T

INDIVIDUAL SHOCK WAVES WITHIN MOMENTUM CONTOUR

000342
PO/PAINF

299747253
«99760245
99784879
+99814996&
998556219
«99893847
99933324
«99961687
«99939154

=1.420322

«300000
1.200022

-1,200000 =1.000000
-+300000 -.270000

=0 75020 -+050000
«100202. +125000
+340000 +390000

1.400000 1.600000

-+ 800007
=+240000
-+330000
«150000
«550000
1,80000%

SONIC LINE OUTPUT
LI 1A 221222213 73

ORAG COEFFICIENT OUTPUT
LRI LT R Y I YTy

CALCULATION DF DRAG CDEFFICIENT BY MOMENTUM INTEGRAL METHOD

BOUNDARIES OF CONTOUR USED

UPSTREAN X = =« 175000
DOWNSTREAM X = 1.225C60
Tor . LA 1800000
BOTTON . Y = =1l.800000

CONTRIBUTION T3 CD

co

CDDOWN

up

coraoe

NOTE = ALL SHOCKS CONTAINED WITHIN CONTOUR
COWAVE EQUALS TOTAL WAVE DRAG

DRAG CALCULATED FROM MOMENTUM INTEGRAL

TIME TD RUN CASE wAS 13,41 S

ECONDS.

cD

8
Ta

coaot
TOTAL CONTRIBUTIONS ARDUND CON

THERE ARE 1 SHOCKS INSIDE CONTOUR.

UR

TOTAL COWAVE

Figure 4.6.~ Concluded

~«001618
2301502
022100
+ 000030
2433315

«G00342

000357

(b) output.

~«650333
-e21000)
=+010900
«183992
+353003
24000000

n



-SAMPLE CASE & - SUPERSONIC - NACAJIIb AIRFOIL = FREE AIR SIMULATION

EMACH = 1.10000
DELTA = + 06000
ALPHA = 2,0CC00
AK =  Q.LCC0T
GAM = 1,4CCOC
F = 0.C0000
H = 0.00000
WE = 1.BUsle9
XIN
~4.826958 -1
=.l178882 -
+003G24
2054966
«229179
2426629
«611881
o 797988
1.000000 1
1.341184 1
4.890373
YIN
=5+200000 -2
~e54240C2 -
-+236188 -
~e099167 -
«011800
113124
259787
«618761

SAMPLE CASE 4 - SUPERSONIC-NACAO006 AIRFOIL-FREE AIR SIMULATION

$INP
EMACH=

DELTA=0.06,
$END

POR = (a00000
CLSET = 0.00020
EPS = « 20070
RIGF = G.0DC000
WCIRC = 1.30C32
CVERGE = « 00001
DVERGE = 1060
Crle95
« 472160 -lsl70661
«116702 ~e075551
«008803 «U14243
«067013 «082363
"e255353 +281929
«450015 «47328¢
634971 «058UB4
«321742 «845730
(23899 14059443
«456033 le671514
594100 =1.722837
«480484 “e%429040
2214639 -¢194799
2085732 -e072733
023653 o035619
0127702 0143013
«2853069 +314984
«TI57UL «B843611
Figure 4-7.

(abbreviated output):

1.1, BCTYPE=1l, AMESHw,TH:, BCFOIL=1, ALPHA=2.0,

\

(a) Input.

INPUT PARAMETERS

AL LI I LY )

IMIN L BCTYPE = 1

IMAXY 81 BCFOIL = 1

JMIN 1 PSTART = 1

JHAXT bh PRYIFLD » 1

HAXIT 503 IPRTER = 16

NU 190 SIMDEF = 3

NL 75 ICUT = 2
-e972968 -.839857 =e553409
-«050198 -«03293¢ ~e220518
»ol3568 «32%5061 +03096L
161517 +124201 olé9372
306213 2330950 355299
496464 +519582 542659
«581229 0704417 2727603
370039 «39473¢ «91%931
14292135 l.227723 1.167351
L.B876313 20042561 24209092
~ls285224 “1.221360 —e843061%
=¢3685439 347855 —e314984
-+176391 159191 ~¢163013
-e063293 -e Q47742 =sJ3561Y
2aT7h2 »060093 072733
159191 »176391 «19479%
347855 +385439 «429040
14323363 1.265224 1722837

= 1.1

AMESH =
PHYS =
PSAVE w

RUTTA =

—en 79854
=s0.1003
«Q37014
$17t8.0
379323
«E6HTRN
oT5uv88
«945757
1.212946
2abit 774

=e7sb7oL
~«282309
~el277: 2
=+223553
«0d5732
«2.4339
«4BL 084
24594100

- Sample test case 4 - supersnic, free air simulation
NACA 0006 airfoil, & = 0.06, a = 2°
M .

©

-e293.9¢
~oludaby
+d43413
2025493
«4J3081
«563397
e T74416
«972377
40268443
20722997

—edlu74l
~e259767
a3.Za
4430
w991l07
230188
©342642
20200000




WE = 1.8000

"ITERATION cL

20042
24402
24571
024593
« 24609
« 26628
T 024651
«26675
«24699
e28722
«24746
« 24769

WE o 1.9

ITERATION Ct

20335
«20638
020844
22930
20959
« 20964
« 20961
«2D0957
«20952
« 20945
«20938
20929
220914
220890
220853
220832
20820
«20815
20813
«20813
20813
«20812
«20812
«238l2
«208112

INTERMEDIATE OUTPUT FOR COARSE MESH

MAXIT FOR THIS MESH =

INTERMEDIATE OUTPUT FUR MEDIUM MESH

IRL

*

JRL

MAXIT FOR THIS MESH =

EPS = 2000
cn IERR JERR ERROR
-+03457 21 8 +1249 3E+00
21 8 «5993E+0)
21 8 «68I5E+0UD
21 8 «7282E430
21 8 « T433E+00
21 3 « 759TE+QD
21 8 «T659E+00
21 8 « T694E+00
21 s +TTL4E4+DD
21 8 «TT26E+D0
~e04340 21 8 «T733E+)D
=0 06347 21 8 «T737E+00
seeeds  ITERATION LIMIT REACHED ¢eees
000 EPS = «2000
cH IERR  JERR ERROR I
<o 04097 7 3 «TI31E~V2
=2 04052 3 2 ¢5565E~C2
~e04075 3 3N »2818E-02
=e04087 8 5 e2218E-82
=«0408B6 11 17 +«1931E-02
~eL4LG4H 11 17 «1658E~02
~e04083 11 17 s1424E=(2
=« 04082 1l 17 «1294E-02
=e04C81 11 17 «l013E-02
=«04080 i 1?7 «B8491E-N3
=¢04078 11 17 » 7126E-C3
=o04(75 11 17 «2941E-03
-« 4070 2¢ 3] +5555E-03
~e04061 20 31 «6622E-03
= (14048 24 32 «4417E-02
=e04043 11 3] #3160E=013
=+04043 1l 17 »2534E=03
—eCal4h 11 17 «2148E-03
=»04045 1 17 vaTdbE=-u3
~e04045 11 17 «L4T4E-C3
=e04045 11 17 «1222£-03
~e04C45 11 17 «1C16c-23
=0 4CaS5 11 17 +BA4T7E-04
=e( 4045 11 17 ¢ TE19E=-24
~o L4043 il 17 «5830E=L4

#edeee ITERATION LIMIT RSACHED #%essr

RL

VOOV O VP O VOOVOVOLOLO OO OOVOL

JRL

CEETIONDIDDD® D

125
SIGRL

+1462E+03
«2842E+03
03269E+03
+345CE+03
«3546E+03
+3599E+403
«3629E+03
+3646E+03
«3656E403
«3542E403
«3666E+03
«36569E403

250
8IGRL

»992CE+N2
#BSHBE4I2
«8194E+C2
+8346E+40Q2
«?7515E+02
«E422E+402
¢S54 72E+402
e GE12€402
«3871E+02
#3242E472
«2710E+02
0 2264E402
«1B890E4C2
«1580E+C2
+1325E+402
ell22Z¢a2
«960DEHC]
«8136E+01
sn772E+01
«5597E+n?
¢4639E+01
«3857E+01
«320BE+01
»2665E401
02213E+C1

Figure 4.7.- Continued

ERCIRZ

«1586E+00
«3296E+30
«37865400
«3993E+CT
»41C2E+00
o4163E+70
+4197E+4DO
+4217E+00
24229E+20
«42365420
h24DE+IL
«4243E400

ERCIRS

01117&~02
01369k=.2
e5154E=~23
«2110E-03
«5549E-24
3121E=-C5
#1176E-D4
«1733L-le
#»1911E-04
«22.9E-L4
«3ClbE=w g
«3T0BE=J4
«54128=u b
«a057E=71
«1192E-03
«5B37E=G4
«337%c=.4
112604
02 L 9E=uD
QJC7ie=.3
+1731E=05
«15%1k~)5
+1191e=05
*»9100E~0¢8
07523E=06

ceu

16
i7

NN NN N N

CPERRU

a952IEFOT
«1506E+00
+1566E-01
23445 2

»339YE-2
2i314E=-U2
«1277€=~32
26639E-u3
e h274E=03
#22917€-03
s21l42E=23

CPERRU

+9316E+00
«z749=z=01
elil
«7507E-0

«3713E=02
8 3323E-32
$92622=02
«32TUE=02
«2993c=.2
e22220~.2

a2)lbBlE=T2

eln55E=02
al23on—-t2
# 7503c~04
ecbiSE=23

e 433J9k-t3
ead>+dc=ua
«2375E-13
0 2497E-03

IcPL

1CPL

CPERRL

«8323L+43]
$2731E 424
«3869E=01]
#1759E=31.

03323k=42
0 2061E=52
e1l344t=J2
«93%7E=23
e 7025E=03
«5756L~03

CPZRRL

«1051E+I1
«2953E=01
elYFutk=a2
e 24256-32
«l298L=:2
02239e=i2
«2119t=)2
«l97¢t-a2
e 1T34g=-02
oléyoi-J2
sl299b=s2
elioaE=,2
«39¢5E=03

4
e2417c=03
«4766L=J3
«4237c=33
#3L46E-03
282lk=u3
«22u0E=43
slb52t=u3
+1543E=,3
wL237E=33
#l071e=03

7



WNE = 1le
ITERATION cL

10 «23800
20 020042
30 « 20867
40 « 20900
50 «20925
60 « 20964
70 21010
1] «21050
90 «21081
100 21102
110 «21114
120 «21118
130 21118
140 «21116
150 221112
160 21108
170 21106
180 «21105
190 «21105
200 +21105
210 21107
220 21112
230 +21119
240 21128
250 » 21139
260 «21152
210 « 21167
280 21182
290 «21197
300 e2l212
310 021227
320 221243
33c «21260
340 +21278
350 21296
360 «21314
370 21333
380 021353
390 021374
400 21386
410 »21387
420 +21380
430 «21365
440 +21345
450 »21322
*60 221296
470 «21270
480 *21243
490 s2l216
500 «21188

INTERMEDIATE OUTPUT FOR FINE HESH.

9500 EPS =« «2000 MAXIT FOR THIS MESH = 500
[4.] IERR JERR ERROR IRL JRL BIGRL
~s04152 3 33 «3659€=-02 17 32 «40T72E+03
=e04162 20 2 «2342E-22 1?7 32 «35603E+03
=+ 04169 16 2 «2189E-02 17 3z «3412E403
-e04175 5 . 63 «1956E-02 17 32 #+3311E+03
-+04180 ? 63 «1974E-22 17 32 «3232E+03
~e04192 7 63 «2111E=32 154 32 «3177E+03
~+04203 7 63 +1849E~02 17 32 3139E+403
=+04210 7 63 «1687E=-02 17 32 «3094E+03
=+04211 7 2 «1570E-02 17 32 «3003E+L3
=+Ca4209 ? 2 ¢1534E=02 17 32 +2890E+03
=e06206 7 2 «1490E=-22 17 32 #2B07E403
~+04204 16 35 «14032-02 17 32 «2T729E4C3
—+042C1 13 34 +13705-02 17 32 «26TOE+D3
=e04199 18 a3 +1341E-02 17 32 «2617E+Q3
-e04197 [ 59 +1318E=-02 17 32 22562E+403
~e04196 6 5 «1290E-02 17 32 +2500E+03
=+04195 17 33 «1242E-32 17 32 «242BE+03
—+04194 17 33 «1204E-02 17 32 +2353E+03
-e06194¢ 7 3 «1174E~32 17 32 «2274E+03
-+ 04194 17 33 »1121E=02 17 3e ¢2191E+J3
+e04194 17 33 +1076€~02 17 32 «2103E+N2
—e04195 17 33 +1029E=02 17 32 «2011E+403
-e04193 17 33 «9823E-03 17 32 «2919E+u3
“oC4196 17 33 +9351E-03 17 3z «1829E+403
=e04198 id 33 +B8913E=13 17 32 «17641E403
=e04199 18 a3 «8488E-03 1?7 32 e1657E+)3
-e04200 13 33 +BCB7E~03 17 32 «1578E+03
-+ 4202 18 34 «7735E-03 17 32 «1534E+73
=-.04203 18 34 «7345E-03 17 32 01434E403
—e04205 18 34 «7006E-03 17 32 «1368E+03
-e04208 8 63 «6727E-03 17 32 «1309E+23
=e04210 3 63 «6T01E=03 17 32 +1253E+13
-e04212 3 63 +6693E-03 17 32 «120NE+03
~eC 4215 8 63 «6T723£-)3 17 32 +1151E+403
=¢04218 8 63 «6725E-93 17 3z 11158403
-«C 4221 3 63 «6779E-03 17 32 +1064E+03
—eG4224 8 63 +6858E=33 17 32 eAU26E+D
~e04227 a 63 «6955E6-03 17 32 29910E+02
~+04231 19 62 «5174E-03 17 32 +9550E+402
~e04232 i6 61 «4732E-03 17 32 +9176E+402
~+04230 8 2 « 4572E-03 17 32 «3812E+02
-e(4226 8 2 «4533E-03 17 32 «B445E+D2
=a04222 3 2 «4496E=D3 17 32 «B8066EY0O2
-e04217 8 2 +4464E=03 L7 32 o 7T689E+02
—sC4212 8 2 »4436E-03 17 32 «7312E+02
=«04207 8 2 +4413E~03 134 32 #5952E+0:2
=+04203 8 2 « ©335E-03 17 32 0H624E+52
~aG4196 ] 2 ¢4365E~-03 17 32 «0327E402
-«04193 8 2 «4329E=33 17 3z «5058E+92
—«G4188 3 2 +4199E-03 17 32 «57B7E+02

sesexs  JTERATION LIMIT REACHED *%&ets

CERRERERSEREERRA NS
* *
* FINAL JUTPUT *
- *

SERRREARRORER R TRk

PRINTOUT IN PHYSICAL VARIABLES.

DEFINITION OF SIN

ILARITY PARAMETERS BY KRUPP

BOUNDARY CONDITION FOR FREE AIR

OIFFERENCE EQUATIONS ARE FULLY CONSERVATIVE.

KUTTA CU&DITIUN IS ENFORCED.

MACH

ALPHA
K

PARAMETERS
. T

CPFACT
CDFACT
CHMFACT
CLFACT
YFACT
VFACT

1.1€00000

240000000
-12456397

-
DELTA = «C60C0L0
-
-

USED TO TRANSFORM VARIABLES
O TRANSONIC SCALING

- «1426887
= 0065613
- 1426887
- 1426887
- 244354913
= 304377467

Figure 4.7.~- Continued

ERCIRC

«4022E-03
«5969E-04
+1103E-23
«1033&-03
«9063E=04
«152UE=33
«1642E-33
+1295E-33
S96B8E-J4
$6191E-34
+3105E-04
+B525E-05
«3906E=05
e1122E-74
W1371k-04
+1213E-C4
«7663E-05
27947606
22841E=35
«4Z6BE=05
«1989E~)4
+1948E-24
<2638E-)4
W3127E-34
4182604
«48BTE-"4
+5334E-u4
«5200E-04
$E151E=4%
WH1BTE-. &
$5478E~L4
W5755E-"4
25968E-C4
«6176E=04
«5371E~74
$£591E-D4
«6812E-04
S72964E=r 4
#7299E-44
12842504
«6921E-25
+3613E-04
«5B49E-04
.7515E-04
8500594
+9353E~04
«93635-04
+9644E=04
«9502E=04
29712604

‘1cPU

CPERRU

olliTE4JL
21433E-01
«3728E-32
©5761ic~u3
041 30E-03
»69892=03
e 7L63E-C3
«4l17E-]3
«5L94E=)3
sElI8E=Uu3
0 49033E~03

eB3U4E-"3
«99061C=y3
IPRLYA-LNYS
«1072E-72
wl113E-C2
eslolE=L2
«1133E=-02
ead94E=32
eiLdIRE=C2
«B3371E=03
«74535-u3
ebL16E=-03
eSlo4eE=-Y3
09373:=13
ebiu3E~s3
«3503E-03
«23.,85=33
e219.k=.3
013532=33
el773E=U3

02736E=03
¢3243E=03
e@ILLE="3
ab2445=03
«09u3c=03
e5323d=13
e 5803E="]3
26359E=03
e0L39E-43

ICPL

CPERRL

«120%5E431
+6973E=J2
«2398E=-02
o l22CE-G2
«8942E=-03
«7533E=23
«79835E=)3
«7730L-03
«ll68E=02
«l362E-72
01237€=02
«J4406E-33
«HEBRE-u3
«3126E=03
«211.£=03
«F493E=u3
»0203E-03
«5567( =2
«70L0E=33 "
«7487E-23
«8348E-03
+dB1l7E=03
eIt 17e=-03
09.27E=a3
«9231E=23
«d937E-33
«d0428-23
«3353E-03
«7850c=23
«7202E=u3
«6594E-33
ebeuL,b=J3
«3656L=33
+5730E-03
«5443E-93
0301 7E=)3
«9cULE=-D3
«4337E-03
e420YE=—43
*«4146E-03
«3726k-.3
#3314E=-33
e2Y42k=03
0242TE=33
elo20t=03
«1538E-23
eld72r=43
el359L~-.3
«l518E~]3
eib3uE~43



TFINAL QUTPUT FOR FINE MESH

FORCE COEFFICIENTS» PRESSURE COEFFICIENT, AND MACH NUMBER
(OR SIMILARITY PARAMETER) ON BODY AND DIVIDING STREAN LINE.

B = BEFORE OR BEHIND AIRFOIL
CL = «211883 U = UPPER AIRFOIL SURFACE
CH = =-,041882 L = LUWER AIRFOIL SURFACE
CP% = 0148118 * = CRITICAL PRESSURE
LOWER UPPER
Yo 0= YO+
1 X ce Ml ce L3}
1 =4.826938 =0,00000C 1.10000% -0.000000 1e100C00 - 8
2 ~1:472160 =0.,000000 1,100000 =0.000000 1.100030 * B
3 =1e170661 «000000 1.100003 «C0J000 1e130000 g 8
4 —e 972966 +»00CC00 1.100000 «000000 1.100000 L -]
] ~e809857 +009657 1.093759 «009657 1.093759 * 8
) =+653469 «165719 « 987442 «165719 0937442 L
7 ~s 4790856 «335488 856937 335488 «856937 8 *
8 =e295092 391359 «809399 2391339 +809399 B *
9 -+178882 0458584 « 748207 «458%84 « 748207 2] *
10 -s114702 «52759¢; «679689 »527590 v 679689 8 *
11 ~ed75551 «597217 «632709 597217 «502709 ] -
12 =e«050198 0669409 «51¢788 26694239 «510788 8 *
13 =«032930 « 745001 «392083 « 745001 392083 . 8 »
14 -«020518 825003 « 220750 #825003 « 20075 a .
15 ~+011063 »911035 0.000000 +911035 22309000 B -
16 =e003445 1.005732 04000000 1.005732 04000000 B *
AIRFOIL LEADING EDGE AIRFOIL LEADING cOGE
17 +003024 1.205373 0.000C00 »8591538 0.000000 L u *
18 «008303 +»801151 2272247 +%51259 + 755304 L u *
19 2014240 « 614255 582325 +25981) « 917409 L Jo»
20 2019568 «502088 +705787 0154067 0995772 L *
21 «Q25061 2426305 e 778190 +073993 1.051294 L LY
22 +030961 +370353 827592 025077 1.033719 L LY
23 «037614 «325600 «865079 «006239 1.095931 L * v
24 *U45413 2206976 «836171 =e017892 14111471 L * u
25 054966 0251249 «924C00 -+ 342969 Le127352 Lo J
26 +067013 «21 6453 +950321 =eD66554 le142036 L u
27 082363 +181768 «975852 =e0899456 lel56545 ¢ v
28 «101517 « 146271 1.0013G6 =+113000 1.1743561 * u
29 «124201 «11€795 l.026116 ~e 134861 1.183726 b8 u
30 «149372 +080210 1e%47033 —el54744 lel35574 L u
3 175806 + 055675 14063515 -e172279 1.205927 . L u
32 «202583 034856 1.077363 =e187444 l.214832 * L Y]
33 «229179 «017186 1.088868 =e2030598 le222461 4 L [}
34 +255353 +002066 1e098668 =e211931 l.229015 - L u
35 281029 =«N110602 1.197068 =.221731 le234684 . L u
38 «306213 =e022414 1.114351 =e231405 1.,239625 * L J
37 «330950 =. 032473 1.1207232 -+238012 1.243968 * 3 u
as «355299 =ed41416 12126375 =e 244774 14267815 * L J
39 «379323 =e049426 14131405 —+25J826 1.251249 * L J
40 «403081 56650 l.135922 —a256280 1.254335 - L J
41 0426629 «Co3204 la240C05 —e2b1224 l.257126 * L u
42 «450015 =e069i81 1414371% —e265729 142596064 * L J
43 2473282 =aN74658 1e147106 -+269856 14261985 * 3 J
44 +4964560 -.0747C3 1.150219 = 273656 le264117 - L u
45 «519582 —+084375 14153095 =e277172 1.2660687 - L u
46 «542669 —e0887206 14255767 —e28444 1.257918 * L J
47 « 565740 -« 092808 1.158267 -e283508 1e26963) * L v
48 «588807 ~+0965660 14160623 -+ 286398 Le271243 L L U
49 «511881 —+100329 1.162862 ~e283145 1,272774 * L V]
50 634971 -+103852 1.1565007 ~e 291780 1,274241 . L u
51 «658084 -e137262 l.l67081 =2294332 Le275L59 * L 1}
52 «6081229 =s11¢593 14169103 ~+296828 14277048 * L u
53 ¢ 704417 13879 1.171v93 =e299295 1278415 * L u
54 « 727663 =¢117150 1.173071 =+ 301760 1,279781 L L v
55 «750988 —el2U44C 14175058 —e304248 1.281153 * L v
56 « 774418 -e123784 1.177074 -+305785 1.2082561 » L u
57 « 797988 ~s127220 14179141 -e309400 1,284006 L4 L u
58 «B21742 =.130788 1.191284 -e312120 1,2855¢C7 * L u
39 «845736 —e134531 1.133528 =e314979 1.2087082 . L u
60 . +870039 ~e138498 1.185902 -«318012 1.288752 L4 L u
(2% . 894736 =e142744 1l.1884338 =e321263 14290539 * L J
62 919931 ~e14733¢ 14191172 ~e3264763 14292471 * L u
L-X] 2945757 -e152342 1e194149 —e328632 1294581 L L U
64 0972377 =e157863 14197422 -e332891 1.296910 hd L v
&S 1.000000 -107273 1l.167088 -e204855 1.224927 * Ly
AIRFOIL TRAILING EDGE AIRFOIL TRAILING EDGE
.13 1028899 =+078862 le149701 ~s078862 141649731 » :]
67 1.859441 -.051269° 1.132559 -051269 14132559 » 8
68 1.092133 ~eUh 4428 1.128269 =eJ44428 1.128269 L 8
&9 10127723 = 041877 1.126665 =e041877 1e126665 h 3
70 lel67351 =e040240 lel25634 =s040240 1e125634 * B
71 14212946 + 036992 lel24B848 ~+038992 14124848 .. L]
12 14268143 2038174 1.124332 =+038174 14124332 * B
7 1s341284 =.038225 1124365 -e038225 lel24365 * 3
T4 1.456833 =eG39577 1.125217 «e 039577 lel25217 » ]
Lid 1671514 ~e 038742 14124691 ~e 038742 lel24691 * ]
T6 1876313 —e032¢62 1.120852 —e032662 1,120852 . 8
17 24042561 =+023734 14115191 ==023734 1.11519) * 8
T8 24209053 15180 1.109739 -+015180 1.129739 * B
79 20406774 e 010460 14126721 =+ 010450 1.106721 * B
80 24702997 ~e 022405 1e114265 -e 022405 lell4345 * 8
el 4.890373 ~+048C29 1.130529 =:048029 1.,130529 - 8

rigure 4.7.- Continued
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R

GRID VALUES ~ Y(J) Js "1 TO 64

=5, 208000 =2.594100 ~1,722837 -1.285224
= 542402 = k80484 = 429040 =+385439
=e236188 = =.214639 -e 194799 ~al176331
; = 099167 =¢085732 ~+072733 -+060093
«011800 023653 +035615 047742

v 013124 127702 «143013 «159191
«259787 «285869 +314584 +347855
«61874) «715701 «843611 1.021050

SONIC LINE COORDINATES

Y

2459410
1472284
1.28522
1.02106
+84361
«71570
«61874
o5624C
«48048
«42904
*38544
+34786

«0118C
BODY LOCATI
~+0118¢
~+02365

-« 84361
=1.02196
=le28522
~le.72284
~2+59410

X=SONIC

-e27198
=e43613
=e52395
~e56660
=+59380
=e61232
~e62540

—e67058
=«67079
—e67097
oN

-:67125
~e67135
=+67142
=eb67147
=+67149
—e67148
=e67144

049553
43866
«35835
30645
« 27041
24028
+21731
019866
0l8360
17036
«15928

«12487
«11832
«11214
16597
«09993
2L 9471
« (8941
«:8378
207868
73066
«068C1
«( 6281
«05705
«C5109
004429
03677
202738

«11132
12039
12902
13734
014460
215168
015940
216640
«17292
»18000
«1873¢
219436
20119
+20911
«21710
222563
23383
224336
25306
026439
027640
«29019

=1.021060
-+ 347855
=e159191
~s 047742
« 060093
17639}
+385439
le285224

SUNIC LINE OUTPUT
Eehkb bbbk kbikbbke

~+843611
—e314984
~e143013
-«035615
+072733
«194799
+ 429040
1.722837

Figure 4.7.- Continved

=+ 715701
285869
127702
- 023653
« 085732
«214633
480484
22594100

~e518741
-e259787
=ell3l24
=e311802
«099167
230188
o542402
52200000



SHOCK WAVE DRAG AND TOTAL PRESSURE PROFILE OUTPUT
LRSI LI LA SR I LI AL T VT T T L P D e T

INVISCID WAKE PROFILES FOR INDIVIDUAL SHOCK WAVES WITHIN MOMENTUM CONTOUR

SHOCK
WAVE DRAG FOR THIS SHOCKs 007130
Y cpiyY} PO/POINF

=2+39410019 «00101194 «9992 7456
~1.72283680 «00G85003 «99939063
=1.28522355 00138639 «99900612
=1.02106025 «00360950 »99884618
=e84361099 00179065 «99871632
=s71570104 0019521 4 099860055
~+61874102 +0020999¢C +99849462
—e34240L166 «00223565 99839717
=e 48040365 00381152 «798701306
=¢42904031 00190076 299863739
~¢38543890 «00197252° .99858594
~¢34785516 «+00203096 « 99834405
=+31698449 «00207500C +99853961
~e28536850 «00211879 299848158
~e25978714 +00215191 099845734
~e23618771 +00217958 «9984375¢
~e21463894 «00220274 «7984209C

QL7087 SBA222211 <008£0701

=+17639103 «00223829 «99839541
=+15919133 «00225174 99838577
=e14301344 00226283 99837783
~e1277C160 +00227186 99837135
=e11312379 «00227907 «9983560618
-e09916674 «00228468 +99836216
-.08573207 «302268882 «99835919
=+0727332¢ 000229164 «99835717
=06009296 «20229324 99835603
—e 04774152 +00229369 «9983557C
~«03561482 00229305 99835016
=e02365311 «00229137 «99835730
=+01179972 «00228868 99835929
«01179972 00228027 «99836532
«02365311 «00227454 99836943
«03561482 00226775 +9983743(
« Q4774152 200225986 299837995
06005296 «0022508C «99838645
07273320 20022405¢C 99839383
08573207 00222084 +99840219
«09916674 200221572 «99684116C
«11312379 +002200986 «99842218
«12770160 «00218439 «9984340¢

14301222 08215578 OG8LETEL
015301355 «00216578 095855740

«15919133 «00214485 «99846240
+17639103 00212127 09984793(
«19479857 +00206464 «99849839
221463894 2002064465 «99852104
«23618771 «00203¢07 *99654468
025978714 400199072 «99857289
«28586858 «JC194540 «9986G538
31498449 «00189283 «998643037
»34785516 +0€183133 «99868716
38543890 «00234772 99831697
T 042904031 200224426 «99839113
2408048365 +00213327 «99847078
«542401¢6 «00201366 299855631
«61874102 00108553 *99864830C
271570104 200174673 «99874781
«84361099 +00159398 99885731
1.02106025 200141739 99898390
1.28522355 «D0118417 «99915106
1472283680 «0008C469 099942313
2459410019 +0C067653 «99951%01

SHOCK WAVE EXTENDS OUTSIDE CONTOUR
PRINTOUT OF SHOCK LOSSES ARE NOT AVAILABLZ FOR REST OF SHOCK

ORAG COEFFICIENT OUTPUT
EORIRRAS AR R R R ARy

CALCULATION OF DRAG COEFFICIENT BY MOMENTUM INTEGRAL METHOD

BOUNDARIES OF CONTOUR USED CONTRIBUTION 70 €
UPSTREANM X = =1417C661 coue - 0.000C00
ODWNSTREAN X = e 727663 CDDOWN = 031058
TQP Y= 24594100 CDTOP = sLD4202
80TTOM Y = =2¢594100 COBOT = «DJ5083
BODY AFT OF X = « 727663 CDBODY = «007620
TOTAL CONTRIBUTIONS AROUND CONTOUR = 2027963
THERE ARE 1 SHOCKS INSIDE CONTOUR. TOTAL CDWAVE = » 007130

NOTE ~ ONE OR MORE SHOCKS EXTEND OUTSIDE OF CONTOUR
COWAVE DDES NOT EQUAL TOTAL WAVE DRAG

DRAG CALCULATEQ FROM MOMENTUM INTEGRAL cD - «035093

TIME TO RUN CASE WAS 32444 SECONDS. (b) Output.
Figure 4.7.- Concluded



SAMPLE CASE 5 - SUPERSONIC-MACAQO06 AIRFOIL-FREE JET SIMULATION
$INP :

BCTYPE=3, H=2.0, EMACH~1,l, AMESHe.TRUE., ALPHA=2.0, DELTA=0.06,
BCFOIL~1,

$END

{(a) Input.

SAMPLE CASE 5 = SUPERSONIC - NACAQOJ6 AIRFOIL — FREE JET SIMULATION

INPUT PARAMETERS
SRR L ERER R R ES

EMACH = 1,10000 POR = 0,30030 IAIN = 1 BCTYPE = 2 AMESH =

DELTA = 2 CO00L CLSET = Qe50230 1HAX] = 8l BCFOIL = 1 PHYS =

ALPHA = 2,CC0C0 EPS = 20000 JHMIN = 1 PSTART = 1 PSAVE =
AK = 0,00000 RIGF = 0.00030 JHAXT = b4 PRTFLO = 2 KUTTA =
GAM = 1,40000 WCIRC = 1490032 HAXIT » 523 IPRTER = 1 FCR =

F = 0.000C0 CVERGE = +006031 NU = 132 SIMDEF = 3
H = 2,0000C DVERGE = 10.5 NL = 75 ICUT = 2

WE = 14B0»r1e90r51495
XIN

~4.026958 -1.472169 =le170661 ~e97296¢ -«B49857 -e553469 —a479324
-e178882 ~sll4732 -e075551 -.050198 -e332930 -e02u518 ~e011J063
«003C24 «GLB8BU3 0914240 «%13568 225361 «93C0961 «537514
+054966 «67C13 oD82363 «121517 vi24201 «149372 «i7£306
229179 «2%5353 281029 +306213 +330959 «355299 0379323
426629 . «452015 «473280 4964060 «519582 0242669 0265740
«611881 «534971 «658084 «581229 «734917 0727663 « 750383
«797988 «B21742 «845736 «872339 0894736 919931 0945757
1.000GC0 1.328899 1.059441 14092135 l.127723 14167351 le212340
1e341184 la456833 le671514 1.876313 24042561 24209055 2euo? T4
4489C373
YIN

=-1.0000460 —e906455 -e821465 =« T44089 -e673514 =«609036 ~e 55054
—e44b463 -l 3997 «359253 -e32J914 —e285702 -e253309 -e223296
-e171573 -e148797 =el28925 =e109135 -eD92719 =s) 76584 =edoc 44
~e039566 =2 030108 ~eD22204 -avl5212 -e097C1 —eJ2 5442 ~e 102413
+000603 «0G2413 «005441 «009721 015212 «222004 «037.38
«050426 «062744 «076584 «092919 «lU9135 «12802°% 0143797
«196488 0223696 «253369 «285702 «320914 «359253 « 00997
496010 0552646 «609036 w673514 « 744089 321465 «936455

7 e 4-8.- Sample test case 5 - supersconic, free jet simulation

(abbreviated output): NACA 0006 airfoil, 8 = 0.06, a = 2°
M_=1.1, H=2

~e29229¢
=envudatd
« 342413
2202534
4l 3,01
«d33L7
e 774418
0972377
La26B_ 45
20732997

~edYbou
196498
0504206
DEVIVETHE)
2 3%506.
«37.573
0446463
1e3s0030




VE = 1.8000 EPS = 2000
ITERATION cL

« 29775

4.} LERR JERR

=e0 4423 20
=e04423 20

1
.
-3
>
>
N
>
~
Q
CRAGCEARBRDRRD

*ssees  ITERATION LIMIT REACHED

WE = 1.9000 EPS = «2000

ITERATICGN cL

«17667
17601
«17701
«17760
+ 17806
«1704¢
17871
«17890
«17904
«17914
017921
¢17926
«17930
«17933

[1,} IERR  JERR

~«03404 37 16
-+03392 19 17
~¢0(3391 10 17
=+03374 1¢ 17
~«03357 12 17
=«03344 10 17
=eG3334 10 17
-+03327 19 17
=eC3322 10 17
=+C3318 12 17
-«C3316 10 17
=el 3314 10 17
-sC3312 9 17
=+C3311 10 17
-.£3211 10 1?
~«C331C 12 17
-+03310 10 17
-¢$3309 12 17
-+€3309 10 17
~«633¢9 10 17?
~e{3309 10 17
~«03309 19 17

sde¥eé  SOLUTION CONVERGED

INTERMEDIATE OUTPUT FOR COARSE MESA

MAXIT FOR THIS MESH =

ERROR IRL
«4890E+00 19
«3057E+0) 19
«2199€4+9N0 19
«2045E400 19
«2081E+0) 19
«2072E+32 19
«2063E+00 19
«2058E+00" 19
=2056E+00 19
«2055E+00 19
«2034E+20 19
2 2054E+00 19

LELLE L]

INTERMEDIATE OUTPUT FOR MEDIUM MESH

MAXIT FOR THIS MESH =

ERROR

©3445E-D1
*«3936E=)2
+3056E-Q2
«231CE-02
«1736€-02
«1294E-02
«9553E-03
«7030E-23
»51556-03
«3T7CE=-u3
«2752E-03
«2006E-03
«l462E-23
«1064€-03
«7T42E=24
»5632E=34
+4096E-04
»2978E-C4
«2165E-04
«1573E-04
ellakE=04
«8310E-05

(LI LT

IRL

w
VOV OOV VLV OO VOOV OOV VOV OO

JRL

VOOV OOVOODOOO

125
BIGRL

«2022E+04
«1396E404
«1055E+404
«1115E+404
21136E404&
«1140E+04
+1140E+04
+1140E+C4h
«1140E+D4
«1140E+04
«1140E+404
»114DE+04

252
BIGRL

«1868E+04
«1796E+C3
«1384E+03
«1048E+0L3
«7BB4L+r2
«5BB4E+(2
a4349E+02
e32V4E4T2
«2352E402
eiT21E+DR
e1257E4C2
«9168E+401
«6680E+C1
+4B864c+01
23540E+01
02575841
«1B73E401
«1362E+4Q1
«991E+40
+7196E+C0
«5230€400
«3B01E+0Q

Figure 4-8.- Continwed

ERCIRC

+6227E+DD
«4300E+00
«3237E+00
«340BE+00
«3472E+00

«34B2E+U0 "

«3481E+00
+3481E+00
«3482E+0C
234B82E+400
»3482E+00
034B2E4D0

ERCIRC

«3594E-C1
«114BE=C3
«3180E-13
«1822E-03
«1528E-03
«l21BE=03
+8333E-04
«5892E-24
«427TE=04
«3W95E=J4
W 2Z4TE=C4
21632E-04
«1184E-24
»BLBARE-CS
«6234E=00
0452905
«3294E-25
«2396E=J15
«1743E~355
+1268E=-05
«9215E=06
«6697E-206

1cPU

C X R

Icey

v
33
23
23

CPERRU

#1481E¢ul
ell72E+02
s2847E=C1
- o53875=02
«3b1TE=J2
2176065=02

02l ¢UE~U3
»lJ73E=23
¢5469E=04
e 2T71E=Gy

SPERRY

s L358Evul
$1347L=0L
a5453E=.2
e5ouok=ui
e4as4E-.2
elFost=2
e2135E=)2
«a54lE=,2
slll7re=v2
+3113E=-23
02395E=_3
w4eoiL=.3
#3115E-03
e C2LFE-"3
eloact=23
ellYiE=u3
ed299E=c3
«6319c-04
e4JV2E=_ %
03337k=v2
024 25E=~0%
s1762E=.4

ICPL

2?
17
i?
a?
17
7
7
?
7
7
7
7

ICPL

v
33
al
la
11
Aa
11
1i
la
11
il
ia

11

CPERRL

w2L13E4)]
«2672E+49
«3594E-01
e1495E-31
«H052E~02
«1398L=02
+6876E=33
»3419E=J3
«1713E~J3
03622E=uk
04340E=04
+2136E=04

CPERARL

escllk4Ul
«3626c=01
«8569c=02
e74u5c=J2
«2997e=92
e17d.r=.2
037.1E=3¢
«2772t=32
«2uf3E=a2
e1533i=Je
e1l1328=J2
ed2.i4b=v3
«0d7L=03
ct40b -,
e3243c=03
«2363:=03
es721e=03
#1253k=23
« 9119k =04
a5E542=09




WE = 1.9500

STERATION ct

10 17816
20 17814
30 017821
40 «17843
50 «17867
60 017886
90 017924
100 «17933
110 17941
120 217947
130 17953
140 17957
156 «17961
160 017964
170 «17967
180 017969
190 17971
200 «17973
210 «17974
220 17975
230 «17976
240 «17977
250 «17978
260 217978
270 «17979
280 217979
290 «17979
300 17980

EPS = «2000
cn IERR  JERR

=«C23330 3 33
=e(3325 15 18
~«03319 17 36
-+03320 80 32

—.03310 17 36
-.03309 17 36
-e03309 17 36
-«G3309 17 EL]

#*dexe SOLUTION CONVERGED

PRINTOUT IN PHYSICAL VARIABLES.

INTERMEDIATE DUTPUT FUR FINE RESH

MAXIT FOR THIS MESH = 500

ERROR

«3351E~-02
«1139E~Q2
«90D6E-03
«7BT6E~03
20715E=03
«58C3E=03

L3En

«3473E-03
«2928E-G3
«247DE=Q3
«2082E=03
«1755E-03
¢ 1479E-33
«1246E=03
«1049E~03
+B8838E=04
o« T446E=04
+6273E-24
+5284E=04
+4451E=04
«375GE=04
«3159t-94
«2651E-04
02242E=04
+1889E-34
«1591€E-04
+234BE=C4
«1129€-04
«9511E-05

LIS 1Y

DEFINITION OF SIMILARITY PARAMETERS BY KRuUpp

BOUNDARY CONDITION FOR FREE JET

DIFFERENCE EQUATIONS ARE FULLY CONSERVATIVE.

KUTTA CONDITION IS ENFORCED.

MACH
DELTA
ALPHA

X

La1000CO0
«LoubCo0
2.0C00000
=142456397

PARAMETERS USED TO TRANSFORM VARIABLES

CPFACT
COFACT
CHFACT
CLFACT
YFACT
VFACT

TD TRANSONIC SCALING

01426887
«C085613
«1426887
«1426887
244354913
34377467

IRL JRL BIGRL

16 32 +3816E+03
i7 32 22861E+403
17 32 +2281E+03
17 32 #1934E403
17 32 «1713E+03
17 32 «148CE+93
1 2 +1254E403
3 H 16536403
17 32 «8848E+02
17 32 «T466E+02
7. 32 «6331E402
17 3z 25314E4C2
17 32 +4%80E+02
17 12 «3776E+C2
17 32 +3182E402
17 12 «2681E+02
17 3z +2258E+02
17 32 .1902E+02
17 3z +1603E+02
17 3z «1350E+402
17 EES 21138E402
17 32 +9586E+01
17 3z «BO77E+4C1
17 32 «6804E+9]
17 32 «57336401
17 a2 «4B29E+C1
17 32 +4069E+01
17 az +3427E+431
17 3z +2887E+01
17 32 224326401

LI LTI LR Y LY
* -
* FINAL OUTPUT *
L3 -

LI 22222 PR T2 LY

Figure 4-8.- Continued

ERCIRC

«2225E~04
»9872E-06
«4088E-04
#»B57BE-0%
«B253E-U4
25796E=04

24398k -

«3559E-04
«3017E-04
«2511E=C4
+210CE=C4
«1762E-04
»1487E=24
e1249E=04
o 104BE~04
«BI25E-05
«T546E-05
+b303E-U5
#5359E~u5
«h4T7e-45
«3750E=35
«3iB4E-LS
+2657E-05
«2235E~05
«1BB7E-J5
«1589c-35
«1338E~25
#1127E=05
«946BE-06

IcPU CPERRU ICPL
17 el17BE4D; i
22 «6l99E=~G2 21
2% _e258CE=02 2
65 #1624E~02 20
65 «1430E=~02 22
358 + ela52E=@2 22
27 el)258=12 22

Tl T J¥IToESy3 &Y
44 o PikPE~43 3
27 «59¢8E~U3 21
27 «5037E~03 21
27 «4273c~33 21
27 «36J2E~3 21
27 +3350E~03 21
b «2574E~)3 2L
&5 22468E=v5 21
26 «1827E~13 &l
it el3305~y3 i
20 «12393E-33 21
20 «1393E~03 21
2o «92LAE~sh el
25 » 7T78BE~04 &l
o o83 Thc~s4 £1
26 534 E- 14 [
o 0455a0E~0% 21
20 «3933E~-u4 21
2o «3313c~04 <l
26 «2791E~D4 21
26 e2352c=iu 2i
26 e198LE=t4 2l

CPERRL

o l371E4I)
«9104E=02
+4534E-d2
02720 E=32
«1591E=-J2
«197BE=02
1920t =
TIreyES
ClénsE-J2
01 T8E=)2
.995CE=23

- eB423E~.3

e7144k=23
«5031E-03
«5(9bE~a3
«430it=-J3
«3626c=03
o305 TE=4a
e258cE=v3
«2181E=93
ea833t=J43
«1541E=03
elg98E=u3
el93t=23
«9211E-24
«7764E=34
06543L=04
e3514E=04
IETTYEL T
«39 4c=i4



FINAL GUTPUT FOR FINE MESH

(OR SIMILARITY PARANETER) ON B00Y AND OIVIDING STREAM LINE.

B = BEFORE OR BENIND ALRFOIL

L= «179793 U = YPPER AIRFOIL SURFACE

CH = -,033093 L = LOWER AIRFDIL SURFACE

CPe = +148116 * = CRLTICAL PRESSURE

LOWER UPPER
YeO= Y0+
I X cp LY cep Ml
1 -4.826958 =0e 000000 le120000 =04200000 1100060 * 3
2 =1le 472180 =0+6G0CO0C 14133000 =0.002030 14100000 *+ B
3 =1.4170661 -0.020000 1l.150000 =0.2323058 1.1300C3 * 8
4 =e972965 =0.000G00 1.100000 -0, 000000 1100000 * 8
5 -e809857 «000Y00 1.100000 +«DC2000 1.1300600 * B
) ~a653469 + 004128 1.097336 +004128 lel)97336 * B
7 ~e 479854 »160203 +991394 162203 «991394 *
L] ~e 295092 «350900 +844091 +35)900 2844091 3 *
9 ~.178882 426632 « 776067 a42Bh32 «TTHLLT B *
10 ~+114702 «505191 2 T02663 +505191 2722663 B *
11 ~e Q75551 +581942 2620416 «581942 0520416 a *
12 - 050198 0654116 +518082 « 564116 518082 B L4
13 -«032930 « 757480 «368831 « 757480 3 -
14 ~+ 020318 873372 0:630C00 +873372 ] *
15 —+011083 1.039884 0.0006000 1.037884 b
16 =e003465 1326950 0000000 1.326950 04000000 *
AIRFOIL LEADING EDGE AIRFOIL LEADING L0GE
17 «003024 1.330277 0.000000 +9268%90 0.000000 *
18 «008303 «699742 0466796 368148 *879264 L u -
19 «016242 «522C78 «68%613 «163714 «938881 L U#
20 0019568 e437645 o 757791 «100125 le033661 L oy
21 025061 331418 «8LBGEY «069113 1.080552 L LY
22 +030961 337251 «855477 «030570 1.080119 L L]
23 «C37614 0298972 «886631 «004678 1.036981 L * U
24 «045413 «263379 *914646 ~eJ19436 lell2487 [ )
25 « 054966 0228482 941305 ~e043268 lel27552 L+ J
26 «067013 «193095 «967588 ~s 067548 1.1427C3 . Le U
27 «082363 «156126 994305 ~e 092332 iel157976 * Y]
28 2101517 011£170 1.022395 ~. 117106 12173045 - U
29 +124201 s07857% le.C4Bl36 ~el140930 14187355 L J
30 2149372 «36e7527 1e0%58932 ~e162869 1.220383 .- L J
31 «175806 «020784 1.086523 ~e1B82423 1.211875 * ot J
32 «202583 -«002261 l.101456 ~e199575 le221806% * L v
33 »229179 —-e 022176 le1l4202 ~e214566 14230534 L J
34 «255353 =e03954C 14125193 ~e227748 le233205 * L u
35 «281029 =+ (54875 1¢134814 ~e239443 1.244743 « 1L v
36 «306213 =+ 068600 ~e249931 1.259742 - t u
37 +330950  -.001C26 ~e259453  l.256120 £ Ly
as «355299 -e(92383 16156008 ~a268151 le 261026 * L J
39 379323 =s102844 lel56394 ~e27620:3 1e265545 * L J
L1 «403081 =+112545 1.170285 ~.283701 1.269738 - [ U
41 « 426629 —e121598 1.1757586 ~e29)724 1.273653 . L
42 «450015 -»136095 1.100858 ~e297333 14277320 - Loy
43 « 473280 -e138113 1l.135672 ~e3C3577 14282787 * L U
44 «49646) —e145719 lel3p211 -2 309496 1.284059 . L v
45 «519582 ~e152972 14194523 ~e313129 14237165 * L J
46 «542669 —-e159922 lel968641 =e323510 le230125 - L J
47 2565740 ~e 166619 le222595 - 32577 le292961 - L v
48 «3588807 =+173105 l.2006412 —-e332067 1295694 * L U
49 «611881 —e179424 1.210119 -4335517 1.298345 - L v
50 «634971 =e185614 10213740 ~e342265 14373935 b L u
51 «658084 -e191722 le217297 —e344948 la33348B4 L4 L J
52 «681229 =-e197752 16220010 ~+349600 1.306012 * L J
53 e 704417 =e203771 1224299 -e35425¢ 14328537 * L J
54 « 727663 =a 209796 1.227783 —+358949 1.311077 * Ly
55 «750988 =«215858 1.231278 =e363710 14313649 * L v
56 o 774418 =a221990 1,234803 -e368571 Le316269 - L v
57 « 797988 ~e228221 1.238376 =e373562 1.318954 bl Lt v
58 «821742 ~e234586 1e2420i4 <e373715 la.321722 * L v
59 «B45736 ~«2641120 14245738 —.384067 le324589 L4 Ly
&0 «087C039 ~e26478B66 1.249571 ~e 389656 14327575 » L v
61, +B94736 ~e 254872 1.253539 ~4395528 14330708 ’ LV
62 919931 —e262194 1.257673 =e401736 14334611 * L U
63 « 945757 =2 269905 1.262012 =+ hGB8346 14337519 * L U
1] «972377 =« 278091 le266602 —e415641 1e341274 - L v
65 1.00C000 —e234942 le242217 =303550 14230772 * Ly
AIRFOIL TRAILING EDGE AIRFOIL TRAILING EDGE
66 1.028899 =+189936 le226262 -elB89936 le.2L6262 * 8
67 1,05944]1 =+1882360 1.215343 =«188360 1.215343 » 8
68 1.09213% -+191908 14217412 =-+191908 le217611 e [}
69 14127723 ~e196275 1.,219951 =-e196275 14219951 - 8
70 16167351 -e201266 14222848 =e201266 1.222848 * 8
7 1.2129406 =+207003 1.226169 —e207033 1226169 * B
72 l.268145 —+213838 1.23011% -.213838 14230114 L 8
73 1.34118¢ -s222620 1.225165 -a222622 le2351065 * 8
74 14456833 =+ 233196 le.241221 =e23319%6 lec42221 * a
75 1.671514 ~e237715 1.243799 =+237715 14243799 * B
76 1.876313 ~e227%569 1.238002 —e 227569 1.238002 * 8
7 2,042561 ~« 200768 14222559 =+200768 14222559 * a
T8 2209055 =+147135 1.191054 -«147135 1.191054 b4 8
19 2406774 =a01C 744 lelD690:2 -+ 012744 1136902 * 8
80 2702997 2095516 1.036618 «095516 l.0306018 *B
81 44890373 2107149 1,028631 «127149 1.028¢31 3’
Figqure 4-8.- Continued
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‘shaen CAU'i’]ﬂN ke
IBAXINUR MACH NUMBER EXCEEDS 1.3
;SHBCK JUNPS IN ERROR XF UPSTREAM NORMAL MACH NUMBER GREATER THAN 1.3

Y=GRID VALUES Y{J) J= 1 TD 64
=2+1000000 =1e812909 =1.642930 ~1.488178 ~1e347227 ~1,218072 =1.100091 ~e992019
892925 =+801993 =e 718505 ~e641829 =e 571404 ~e506738 =eh47391 —+392975
~e363146 =e297595 ~e236050 ~s218269 =+ 184038 ~«123167 ~e125487 ~e10285¢
=«079232 ~+060216 ~e 044007 =+030425 =+ 019401 =+010882 =« 004827 ~e001205

«001205 «0D4B27 +010882 «019401 030425 044007 » 060216 «073132
«100852 0125487 153167 +184038 «218269 « 256050 2297595 «3431 406
392976 «447391 506738 2571424 «641829 «7185¢5 #»B801993 «892925

992019 1.100091 1.218072 1347027 le488178 1.642930 1s812909 24933904

TSONIC LINE OUTPUT
L T T TP I T T

SONIC LINE COORDINATES
Y X=SONIZ

1,48818 =e13536 ~,08245
1434703 ~+23078 «0035¢C
1.21807 =e25696 «C7413
‘1410009 —e29580 12619
«99222 -+32908 215905
«89293 =¢355386 «17C72

+80199 17473

«71851 417536

«66183 «17391

57140 W17t 22

«50674 016407

44739 «15576

+39298 «14623

«34315 «13¢88

*29759 012701

«25605% «11763

e21827 «16839

«18404 «C9894

«15317 «0903%

12549 «8137

«10085 7344

«07913 «C6502

«06022 «05720

«04401 «04965

«03042 +04218

«01940 «(35C3

«01086 «02832

«00483 2229

«00123 01756
BODY LOCAVION

=+00121 «C8738

~e00483 +09073

«£9566

«10152

«10568

«11789

«12649

«1366C

«14599

«15642

«16675

«17659

«18767

«19783

«20629

«21825

«22703

«23562

024283

«24803

«25085

«25089

024703

«23650

«21289

-1.10009 «17C28

~l.21807 «10499

=1.34703 ~e22295 «£2188
~1,48818 —~,15083 ~eGTE34

Pigure 4-8.- Continued



SHDCK WAVE DRAG AND TOTAL PRESSURE PROFILE OUTPUT
LRI Ll PEPRESRS PRERE 221

ENVISCID WAKE PROFILES FOR INDIVIDUAL SHOCK WAVES WITHIN MOMENTUM CUNTOUR

SHOCK
WAVE DRAG FOR THIS SHOCK= «003882
Y cDiY) PO/PDINF

~1,48817799 00002216 99998411
=1+346702736 00023112 «99983431
=1.21807223 «0002703C «999806223
=1.10009107 «00065835 99952804
=299201912 - .00082368 99940952
=:89292538 «0C09840( 299929459
=«80199344 +00114331 999180238
~s 71850542 «00130623 99906359
~a641820064 «00147691 +99894223
=e57140431 «0016587¢ «998810a7
=e50673795 00185440 299857062
—e44739136 «00206558 299851923
-+39297572 +00229307 +99835615
~+34314575 00253636 «99818173
=e29759466 +00279343 299799745
~e25604987 +00209671 299849546
«00222358 09984259¢

nn23anca ccai12921
«00233062 95832923

«002418923 «99826592
- 00248856 69821600
~e10085215 00254057 . 99817872
~e07913226 «0025765¢C «99815268
=+06021592 #00260013 «99813602
~e 04400713 «20261218 299812667
=e03042464 00261893 299812254
~+01950111 200262001 «59812176
-+01038238 00261862 «99812276
=+00432689 «00261645 «998126432
-s+00120527 +902614569 «99812558
«0012€527 «00261232 59812657
200482689 «00261097 99812825
+01088238 00260624 «99813161
«01940111 «002598G¢t +99813751
+030424064 «00258470 «99814708
+D4400713 «00256419 «99816178
»06021592 +00253427 99918323
+07913226 00249261 «996821310
+10085215 «00243711 99825289
012548743 «0023€€13 99832377
15316703 «0G22787¢ 099836636
018403842 00217499 09984408¢L
«21326935 «05G205554 59852643
225604967 «00272972 «99804322
«29755466 «0026823C +99822049
34314575 200224926 99838753
39297572 «00203275 «99854276
«44739136 «00183322 « 99868580
50673795 « 06165000 «998817L5
+57140431 00148143 99893800
064102864 °0¢132508 299905008
271850542 00117782 «999155b64
«80199344 «00103586 99925741
89292538 +00089479 099935854
«99201912 «00G74998 299945236
1.10099107 +00C5978¢C 099957145
1.21807223 «00026902 «9998L715
1.3470273¢ +00C23C89 99983448
1448817799 «00002755 «99998025

SHOCK WAVE EXTENDS OUTSIDE CONTOUR
PRINTOUT OF SHOCK LOSSES ARE NOT AVAILABLE FOR REST OF SHOCK

JRAG COEFFICIENT QUTPUT
I Y TR R RS R L LT L)

CALCUL‘TXUN OF DRAG COEFFICIENT BY MOMENTUM INTEGRAL METHOD

BOUNDARIES OF CONTOUR USED CONTRIBUTION T2 CO
UPSTREAN X = =1.17C661 coul - 0.02000
DOWNSTREAN X = « 727663 CDDOWN = ,1750%
Tap Y le4BB178 corop = « 002420
80TTON cY . =1+488178 €DBIT = «003498
BODY AFT OF X = 2727663 . COBODY = «D13822
TOTAL CONTRIBUTIONS AROUND CONYOUR = oK 34245
THERE ARE 1 SHOCKS INSIDE CONTOUR. TOTAL CDWAVE = 003882
NOTE = ONE OR MDRE SHOCKS EXTEND OUTSIDE OF CONTIUR
CDWAVE DDES NOT EQUAL TOTAL WAVE DRAG
DRAG CALCULATED FROM MOMENTUM INTEGRAL <o - 038127

(b) oOutput,

TIMNE TO RUN CASE WAS 20.11 SECONDS.
Figure 4-8.- Concluded



EMACH
DELTA
ALPHA
AK
GAM

[3

H

WE
XIN

g?:l;!.! CASE 6 - SUPERSONIC-MACAOO06 ATIRFOIL-POROUS 'rmm WALL SIMULATION

BCTYPE=5, POR=0.25, MAXIT=1000, AMESH=.TRUE., ALPHA=2.0, EMACB=l.1l,
H=2.0, DELTA=0.06, BCFOIL=1,

$SEND

(a)

Input,

SAMPLE CASE 6 = SUPERSONIC - NACADOO& AIRFOIL - PORDUS TUNNEL WALL SIMULATION

1.20000
«L6GOC
2e4CC00C0
0.0CC00
1. 40000
0. 000ULO
20 GLLLL

1e8Cs 109

—4,826958 -1
-+176882 -
«0QC3024
2054966
229179
0426629
611881
« 797988
1,000000 by
1.341184 1
40890373

YIN

~1 «000Q0C -
—ah 46463 -
-e171573 -
-+039266 -
000603
0050426
2196488
«496010

WE = 1.8009 EP

ITERATION  CL

10 026718
20 «22445
30 221628
40 +21568
50 .21551
60 «21546
70 $21546
80 e21567
90 J21548

100 $21548

110 121548

120 121548

130 »21549

140 +21549

EEL LR L]

cH

=e04579
—eC4t78
=2 04569
—eL 4584
~sL 4588
=¢C4591
~e04594

=+C4595

-+ 0459¢
el 4597
~«€4597
=s04597
-+04597

-eG&597

POR

= «25630

CLSET = Ga23022

EPS
RIGF

. «20000
= 0.00000

WCIRC = 1.027230

CVERGE = «00031

Dv

0s1a95

04721630
«114752
« 48803
+067013
«255353
«450015
«634971
0821742
«228399
456833

0906455
«400997
«148797
«$391U8
2002413
2062744
0223696
« 550040

S =
1ERR

21
2L

[FYURURUTURU RV RCRURURCYC)

E£RGE

2600
JER

16
8

CETDODBDDEE®O DO

- 195

lel170661
= 075551
0514243
2082363
«281526
«473280
«638084
«B45736
leU59441
1.67i514

~e821465
—e3539253
-+128025
=e2234
QL5841
«075584
2533069
«609936

INPUT PARAMETERS

EEL LRI EL S 2 22 ]
IMIN = 4 BCTYPE = &
Inaxl = 31 8CFOIL = 1
JHIN = 1 PSTART = 1
JHAX]T = b4 PRTFLO =
MAX1IT = 1000 IPRTER = iC
NU = 102 SIMDEF = 3
NL = 75 ICUT = 2
=e372366 -sB129357 ~e553459
~e050198 -+032930 <e02051b
219568 «225761 2030961
131517 124201 «149372
+306213 +33095¢ 355299
«496%0u «519582 2542669
+681229 2704417 « 727663
«370239 «894736 «719931
le92135 l.127723 Lel6735L
1.876313 24042561 24269055
“e74428% ~e073514 -+609036
=e325314 -e2857032
-e100913¢5 =+092C139
-ed25212 -ev09701
¢ 23971 e735212
0292319 2129135
«285732 «320914 «359253
573514 « 744089 «32)465

INTERMEDIATE OUTPUT

FOR COARSE MESH

MAXIT FIR THIS MISH = 250

R ERROR

«9428E~01
+1333¢+0C
» 5930E-02
+320BE-02
«28J8E=32
«1007E-02
5620603
«3133E-33
«1747E~03
+9T45E=D4
«5436E-04
+3032E-04
«1692E-04
«9436E-05

SOLUTIDN CONVERGED we¥x&x

1L

-

[CYCRCRCEVRTRURT FUICEURY RV ]

JRL

WL PP ATRTCETRDED

8IGRL

o 1EG2E+03
«2609c493
«dh44EHI2
«2445E+C2
e1351E+132
«7522E4561
241956491
«223BE+il
«13D4E+QL
«7271E400
«4056E+L0
«2262E+400
01262E+U0
#T04RE~SO]

ERCIRC

22621E-21
«7539E=-31
W46b3E-U2
21634£-03
«5288E=0%
+4593E=13
«3777E=05
*28BLE=LS
«16b4E~L 5
«9199E-06
#5CT2E-V6
+28C6E-US
e1557€-0¢6
«8562t=u7

AME3H =
PHY> =

PSavE

KUTTa

FCR =

=e4 794954
“e0illo3
«0375614
ei?bdl6
2374323
30574}
e 752982
0945757
1e212946
2+436174

~e55.246
~e2230696
—et02744
—ed22+4i3
ol 31108
148737
s4eu997
«9.06455

iceu

-

-

UTOULOUOUOUN~NUW

Figure 4-9.- Sample test case 6 - supersonic, perforated/porous

wall simulation (abbreviated output):
A = 0.06, a = 2°

NACA 0006 airfoil,
y M = 1.1, H=2.

-e2935:92
—eUl 3455
«045413
slud533
s 403041
583407
o 774+.8
0372377
1420691435
26752937

=490 san
=+ 190438
~es3ir1lb
XYt VA RE ]
PEL 1 -]
217,073
496403

PPN LR

CPERRU

sivt L2
«3179:-03

s2570E=23
02639r-U3
e832%c=124
«%430E=24
02499z =3%

ICPL

[3

00 00O IN~NT~N

CPcRRL

as4G4E+7%
eDB6JE=)1
«3673E=51
ev73bE=)2
23392E=32
oltB8L=u2
«i¥93E-y2
«3820E=03
akb9It=03
«2726:=43
ea5i9ec=03
«3473L=.44
«2720E=)4
«2636E=04




WE = 1.9000

ITERATION cL

s21231
»21428
021537

e2l626

‘WE = 19500

LTERATIDN cL

221464
»21513
221533
«21544
«21551
+21556
21560
221564
«21567
«20569
- a21571
«21573
021574

[.]

=204389

~+04379

EPS =
IERR

41

2000

JERR

INTERMEDIATE OQUTPUT FOR MEDIUM MESH

MAXIT FOR THIS MESH =

ERROR

«7013E-02
«25)8E-02
«1432E-02
«1207E£-02
«1051E-02
«3136E~03
«8N19E~03
+6956E=23
¢ 6034E-03
«5220E-23
«4517E-03
«3895€E-03
+33456-03
«287BE-03
«2474E-03
«2325¢-23
«1825E~C3
«1567E-73
¢1344E~03
«1153E-03
+9838E-04
«9477E-24
«7266E~04
«622TE-04
+5336E-54
2 4571E=04
+3916E=-04
«3355E-0%
«2873E-24
«2451E-04
«2108E-04
«1Bu5E=-04
2 1546€-04
«1324E-24
e1133E=i4
«9705E-03

dwxdax SOLUTION CONVERGED *essexs

CcH

~el 44GE
~sl4a27

—el 4411

EPS =

«2000
IERR  JERR
8 33
S 1?7
19 12
18 37
18 35
17 35
17 36
18 a7
18 3%
1 26
18 35
18 35
18 L

INTERACDIATE QUTPUT FOR FINE HESH

IRL

-
VO C OO VOO VOOV U OO OOUWIOL DO OV IU VDO VOWLOO

JRL

500
BIGRL

«3456E+02
«3BLIE+D2
+6361E+C2
«5724E+02
«4990E+02
«4261E+02
«3799E+02
«329BE+22
«2B856E+02
«24T0E+02
«23132E+%2
olB3ATE4D2
«1582E£402
0 1360E402
«L189E+02
«1004E402
ed621E 431
o 7H0YE4DL
#6351E401
«344TE+U]
«4b7LE+O]
«4024E+01
«34325+01
«2941E401
#2527 E+01
»2155E+31
«lB4GE+CL
«1594E+01
arL357E+0L
Wl162E451
«9953E+409
«B8523E40C
« 71299E+0D
w525 E400
«5352E4 M
245835+00

MAXIT FOR TAILS MESH = L1L00

ERROR

»3748E~92
«2378L=22
«1893E-42
«1715E=-02
«1651E-92
W l574E-02
«1437E-02
«l44DE-22
«1392E-02
«3347E-22
e1307E=32
2127Q0E-02
«1234E-32

JRL

8IGWL

#2463E+03
24921E403
e46370+43
«4461E403
«*298E+ 3%
«4798L+03
»3898E+03
»3752E43
+3632E+03
+3516E+403
«3413£473
#3316E413
«3224E+403

Pigure 4-9.- Continued

ERCIRC

«5279E=03
«5714£=03
+2881E=93
#1219E-u3
vh649E-0L4
«1941E~uk
o lD36E~D4
«6T25e=05
«5250E-05
«25i3E-CS
#1915L=45
+1538E-D5
«1267E-25
«l357E-05
«BB6TE-0D
«7T775E=26
»BlBLE-Jb
«7BUBE-D6
sOTR4E~SH
+6228E-0b
s5186E=00
a444EL-36
«3¥06c-Cu
«325EE-00
+2786E="6
«2363E=-J0
«2039E=06
el T44E=00
elak3i=r6
«1277E-06
s1I93E-C6
«9354=27
+8000E-07
W6852e=1.7
+58B5E-27

ERCIRC

21834E~03
al12562-03
LYY -
«348l.-24
$Zlink~i4
#136lt=C6
»154CE~24
«1262E-L4
«331C0E=-L5
«7620E=-U5
eb6b6LIE~L5
«4733E~45
0282BE=G5

ICPY

CPERRU

e lD35E+s)
«ILIRE-U2
0216552
0l 78uE=22
«12¢5E=32
832323
2 5FIIE-03
«5729E~03
e51372=L3

E 3

ah%
«33973-03
03374c=33
e2d14E=03
e2213E-U3

«l38BoE=r4
ed813E=04
el1334c~.%
ellonB=us
el 11l3c=C4
«B239/E=-D

2P zRARY

s-sddctl.
w4209E=02
«3d40E=T>
af8l33e=.

«Ta7LE-US

IcPL

CPERRL

sliBYE+IL
«lu830E=)1
e4220:=)2
eoB.7c-u3
«10E0E=02
alonbE=u2
«Fe13E=03
«37TTE=)3
$7824E=y3
«0867E<33
20G19e=03
0527%~33
«4583E=-.3
23971€-03
«3433E-J3
«2903E=J3
+25528-03
s2lY0k=J3
«1889E=03
«1623E-03
el393E=u3
wll90t=43
ei027E=03
2B BE=;4
«7z55E=J4
aD4ToL=04
«3534L=04
«t705E=D4%
e40UTIE=04
23495t =a4
«2592e=04
0 2565e=44
2lalt=.4 "
elBb2e~16
slblic=~04
el38E=u4

CPeRrRL

al3ah_+.i
edzgsl=d2
e2.43E=-02
e 37IbE~43
eluil33E=-s2
saculdt=u2
es€33c=.2
+1lusdt=-02
a3 d4E=43
«8334L=u2
#7302E=03
«5975e=,3
s045YE=03



(1L ]

18 35 .1200E-02
18 35 .1168E-02
18 35 .1136E-32
18 35 L1193E-22
18 35 .1070E-92
18 34 J1D35E-d2
18 34 +9933E-03
18 34 ,96D3E-03
18 35  .9219E-03
18 35  ,8842E-03
18 35 ,8474E-03
18 35 .8116E-03
18 35  .7759E-03
18 35 o 7534E-03
18 35 . 711BE-33
18 35 L6794E=93
18 35  .6489E-03
18 35  .6137E-23
18 35 ,5916£-03
18 35 45646E-03
i8 35  .53876-03
18 35  ,5137E-03
18 35 +4B98E-03
18 35 (4665E-03
18 3% .4441E-03
18 3% 442295-93
18 34 .4026E-03
13 34 +3833E~03
18 3% .3651E-33
18 34 .3477E-03
18 34 ,3311E-03
18 3% .3153E-03
18 35  .30006-03
18 35 ,28536-23
18 35 427128-73
18 34 ,2578E-03
18 34 «2452€-03
18 34  ,2333E-03
18 3% ,2220£-03
18 35 .2113E-93
18 34 42013E-03
18 34 «1917E-03
18 3% ,1826E-)3
18 3% ,1743E-03
18 34 o 1659E-03
18 3¢ .1551E-33
18 34 ,1508E-03
18 34 «1439E=23
18 34 ,1373E-53
18 3¢ +1311E-03
18 34 «l25CE=-03
17 35 .1192E-03
17 35  .1137E-03
17 35 .10356-03
17 35  .1036€-53
17 35 .9932E-0¢
17 35 49466E-0%
17 35 .9059E-04
17 35 J8630E=34
17 35 +B8334E-04
17 35 «BOL7E-D%
17 35 LTT4E-04
17 35  .7398E-04
17 35 .7099E-04
17 35 .6BLGE-24
17 35 .65326-04
17 35 .6264E-04
17 35 +6027E-06
17 35  .5758E-04
17 35 «5520E-04%
17 35  45290E-3%
17 35 «5069E=04
17 35 .4857E-34
17 35 .4653E-04
17 35 0 4457E-04
17 35 .4259E-04
17 35 .408BE-D4
17 35  +3915E-04
17 35 3T4BE-d4
17 35 «3588E~-04
17 35 .3435E-y4
17 35 »3280E=24
17 35 .3147€-04
17 35  .3012E-04
17 35 .2832E~04
17 35 ,2758E-04
17 35 .2638E-24

ITERATION LIMIT REACHED w#eksk

«IIITE+D3
+3054E+03
«2969E+03
«28B5E+C3
22798E+03
«2708E+33
*2512E+03
22513E+03
+2413E+03
02314E+03
«2218E493
«2125E+403
«2035E+03
+194TE+03
«1863E+03
«17B0E+03
«1701E+C3
+1625E403
«1551E403
«14B1lE+03
#1413E+03
¢1347E4C3
«1285E+C3
21224E+03
«116%5E+03
«1110E+03
«lD5TE+G3
«1006E+403
«9585E+G2
«9128E+n2
«B694E+02
«B29CE+Q2
«7879E+02
o TRILE+02
o 7121E402
«bTTNEHD2
«6441E+02
«513JE41 2
«5832E+402
«35552E+402
«5288E+C2
«3037£402
«4TITE+D2
$45T1E+DI2
«4359E402
«4155E+02
«3964E402
«3782E+02
«3673E4C2
«3445E4C2
«3285E+4C2
»3134E4u2
«2989E+402
«2851E+02
«2T24E472
02603E+402
22489E+22
«2332E+402
«2232E402
«2192E+02
«210BE+02
W2226E402
«L94bE+22
«186T7E+32
«l791E+02
«1718:402
«1648E+D2
«1580E+N2
«151SE+02
W1452E+402
«4391E+C2
«1333E402
«1278F+02
W1224E+02
#1172E+02
el123E402
«1275€472
«1030E+02
«9859E+01
«9439E401
«9036E401
«8649E+2]1
«8278E+C1
«7922E401
«7581E401
«7254E401
«6941E+01

Figure 4-9.- Continued

«5542E-05
«T294E~05
«4139E-05
«5502E-25
e 4956E=05
¢3619E=05
04095605
«3742E-35
»4323E-D5
«2866E=u3
«1877E=05
«3031E=-)5
«1034E-05
02244E-06
«T190E-D6
«B9LCE=N6
#»2203E-U5
+9953E-06
v2il4E=u5
#2136E~05
#1718E-05
«2B892E-35
+2826E-05
«2596E-35
3320E~D5
«300bE-05
«26B7E-25
«3066E~05
«2643E-05
«2395E=25
02234E-J5
+2154E-05
#2199E-C5
«2124E-05
«1989E=05
«1934E-L5
«1663E=05
»1634E-25
«1606E~)35
#1307c¢=05
«1291E=-:5
«1165E-GS
«1i22E-35
«10¢3L=05
«8B97E-06
«7831E-06
«73G7E-06
«654TE-06
W6C4HZE=L 6
«4745E=26
+5335€E~05
«5012E-26
«4TC2E-S6
«4174E-06
+3787c-u0
«335BE=026
»3035E-~L6
«2698E-56
02374E~06
«2086E=16
01622E-06
si445E-NG
0129CE=L6
01124E-CH
«9616E-37
«8ib6E=I7
+6987E-07
«b6071E=~07
«534BE-07
«4751E-07
«4243E-27
«3811E=7TT7
«4450L=27
«4352E-07
035643E~07
«3294E=-07
0296LE~37

- 02694E-J7

«2438E-27
02209E-07
«200CE-07
#181CE=07
w1638E-37
«l4bRE-D7
«1339E-07
«1209E-07
«1091E-07

¢3383E=03
«2968E-)3
«2946E-03
«3UQLE~03
+3264E-03
«3693E=-03
«3979E-03
«4057E-03
040215-03
»38Bb6EE-03
#3087:~03
»3536E-03
«3373E-03
+3228E-43
«3182E-03
0 2954E~03
«2341E-D3
«2703E-03
02587E-43
24 T6E=03
«2337E-23
w22321E=,3
»21495=03
e 3THE=-.3
e2)4lE=)3
213535€-23
«1B843E=-V3
«1766E-93
«1l550€-23
#1585E=93
el 325E=u3
e1934E=T3

«1283E-03
«1230E=-33
«l160E-03
s }I7E~3

GE2E=33

.
«a1J0JE-23

«95373c-u4
«9223E=J4
«5715E=-04
«8389E=l4
o8 1L TE=T4
¢ TH69E~-34
«7309E=J4
e 7J41E=DJ4
0 6TITE=04
a0321E=va
2 6463c=04
e OLS0E=. &
e5QULlE=l4
0 9521E=04
«5399:- 4
«3219E=04
«D12bE= 4
»4355E=04
0 2594E=04
«4549E=04
+49435-04
¢ 4403E=-04
«4353E=24
e4lbIE=0¢
«43BSE-us
«3838€-04
¢ 3583E-0¢
¢3535E=04
©33938=4%
3257E~04

»2875E=04
«2754E-34
«26392=3%4
«233LE-04
«2426i=34

326E-14

0 1961E=04
«1B78E-D49
«1799E~04
ol723E~4
el549E=03
el379E=04

o 6U65E=23
+5811E=-03
«3758E=03
«58L5L=03
«3972E-03
#6317E-03
#6801c=03
»7G70E=J3
«7126E=33
«6995E-03
«6T31E=33
«6479E=43
«6253E-03
«59B82E-4y3
«5T4JE=V3
5532e-03
“5272E=v3
¢5041E~J3
«4#833E~23
«4591E=J3
+4352E=03
»4244E=-03
0405703
«3510£=-03
#3728k=43
«3499L=03
«3329E~L3
e3.87t-u3
3U11E=03
#»2875E-03
+2759E-03
0 2604E-03
*2538k=J3
02492t=33
02363E=-03
«2228L=(3
«2113E-03
«1994E-03
©ld97E=u3
«l828E~D3
el726k-u3
eubD34E~3]
«li6BE=23
2l1694E=03
ei4liE=N3
«136Ut-03
sic93E-43
01227E-)3
«1184£-23
el)2iE~,3
«1l082E-23
oluooE=u3
el 1lE=33
«96B1E=04
«FL9ZE=J4
«B697L =04
«3269E=04
« 789704
7513E=04
w7CIOE=V4
0 5649E =4
«655TE=J4
06453L=34
W O2B4E-24
«OC75E=-04%
«385JE=04
eJE23E=)4
«54U9E=3%
e J2U2E-I4
«3CUlE=J4
+4807E=J4
C4El9E=0 4
e G43EE=T4
«4261E=V%
e4u91t=U4
+3927E-04
«3769L =24
«36LOE=v4
+3469E-04
03327€=24
«3191E~04
«3059E=24
«2933L=J4
«2811E-24
W Cb94E=24
0258ik=04
02473E=04




PRINTOUT IN PHYSICAL VARIABLES.

DEFINITION OF SIMILARITY PARAMETERS 8Y KRUPP
BOUNDARY CONDITION FOR POROUS WALL
DIFFERENCE EQUATIONS ARE FULLY CONSERVATIVE.
KUTTA CONDITIOM IS-ENFURCED.

MACH = 1.1600000
DELTA » «0600000
ALPHA = 20000000

K = =1,2456397

PARAMETERS USED TO TRANSFORM VARIABLES
TO TRANSONIC SCALING

CPFACT = «1426687
COFACT = «0085613
CHFACT = $1426887
CLFACT = 01426687
YFACT =  2.4354913
VFACT = 3,4377467

.;“..“.““.“"
* ]

L

- *
kb kb ko b bvdbd

Figure 4-9.- éontinuod



FINAL OUTPUT FOR FINE MESH

FORCE COEFFICIENTSs PRESSURE COEFFICIENT, AND MACH NUMBER
{OR SIMILARIYY PARAMETER) ON BODY AND DIVIDING STRZAM LINE.

B = BEFORE OR BEHIND AIRFUIL

cL = » 215695 Y = UPPER AIRFOIL SURFACE

CM = =,043689 L = LOWER AIRFOIL SURFACE

CPe = «148116 * o CRITICAL PRESSURE

LOWER JPPER
Yed— Ye=)+
1 X ce vl cP Ml
1 ~4.826958 =G.CuCc000 1.190000 =0,000020 1.132007 * 3
2 ~1le 472160 -3.00CC0C l.130000 =0.032352) Lel33002 * 8
3 =1+170661 « C0C000 1100000 «0N3300 lelydidd * B8
4 ~e972966 +000000 1,106000 + 000090 1.1020020 * 8
5 -+ 809857 «CCL0L 14100000 307002 141323085 * 3
] -+653469 137155 1.027740 +137155 14017740 L
7 ~+479854 314178 +874388 +314178 +874368 B *
8 -e295092 386917 813289 »385917 eB81i3¢dl 8 v
9 ~e176882 «454829 «751757 0454829 0751757 8 *
1c ~a114702 «525108 «632273 »525128 2682273 8 *
11 ~e 075551 +597971 601822 «597971 «611822 8 *
12 =eN5C198 «677483 «495457 « 677433 «499457 -] *
13 =+032930 “ 768879 346229 «7638379 346229 B L
14 -¢02€518 +883189 D4LILCED «863189 FalIlS M0 R .
15 =+011063 1.048274 0+G30G00 1.348274 0.030002 8 *
16 ~¢003465 1.332789 deT 0D 1332789 Jeiadtiuy 8 *
AIRFOIL LEADING EDGE AIRFOIL LEAUING 296:
17 «003024 le3506567 34000060 913249 0020003 L [} *
18 »008803 «727384 «422738 « 294086 «892529 L U s
19 «014240 « 549219 «656743 «152382 «996971 L *
20 +019568 «454570 « 742529 «(91298 iev39438 L *w
21 +025061 e 408406 +794328 353712 Lelb4e22 L *J
22 «030961 «364450 0832633 «025855 l.0332C9 L * U
23 «037614 » 326508 «B64334 «CC1719 1.,u98697 L * U
24 «045413 2291394 «892669 -e022795 lell332L L « u
25 «054966 0257163 919452 = 042874 l.127232 L» v
26 «067013 0222728 +945629 —s065286 le141299 L * u
27 082363 «187851 e971423 =.5881090 Lel155438 L* u
28 «ln1517 152341 «9I7GEY ~+118994 14169345 * u
29 0124201 «116€42 1.021930 -s1327.0 4ol 2437 L u
30 ¢149372 «085611 14043369 =e152511 14194250 L u
31 175806 ebbL522 1360279 =2172303 1.234508 * L J
a2 «202583 «039583 1.074188 =e185199 12136493 ‘L u
33 2229179 +C21680 1.085807 -e138239 l.221i27 = L u
34 +255353 «GIETHC 1.,0095635 -e209535 le227090 * L u
35 281029 -e0)6289 1elukC4d —e21%493 le233209 * L u
36 306213 ~s 017666 lel113256 -+228130 lez38%23 * L )
37 «330953 —e027676 1117694 =.235756 l.242¢€32 b L J
38 «355299 -«03¢555 1123311 - 2425641 14246542 - L J
39 379323 ~s 044482 1.128303 ~e248£18 1299997 * L v
40 «403081 —eG5160C 14132766 ~e254094 1.253099 . L u
41 0426629 —.6G58( 26 1.136781 —e25975¢ 14273923 * 3 J
42 +450015 -«063857 1.,140411 ~e263575 1.258451 - L J
43 473289 -a069173 14343711 =e267711% Le25.773 * L J
44 0496462 =eQ74CHE lel46727 =e271514 1.252615%5 . L J
45 «519582 ~e078534 14149499 -«275031 14254668 * L J
46 «542669 =e082692 le152n67 —278391 1.250719 4 L J
47 «565740 v 086565 10154641 —.2813%8 1e253429 * L J
48 «588807 -e29T198 lel5eb68 ~e284236 1270030 . L u
49 611861 -« 093622 1158766 =+286962 le27.558 - L u
50 2634971 =¢ 096881 141607398 -e289569 le273u27 * L J
51 +658084 -e10C0C6 1,162665 -.292{30 1.274407 * L J
52 +681229 «103032 1.164509 ~e 294522 1275765 * L Y]
53 +TC4417 =¢135993 1le1563C9 =.296920 1.277097 . L J
54 07276863 -¢l068921 lel68C88 =e299200 l.278417 * L o
55 +750988 =e111€52 1.169€65 =e301587 1279747 hd L J
56 e 774418 —e114821 1.171663 -+304109 l.281081 - [3 1)
57 « 797988 1178¢€5 1.173525¢4 —.306594 1.282456 * L J
58 «821742 21024 1.175419 -e309171 14283879 * L v
59 «845736 —¢124339 14177408 -e311874 la235371 * L U
60 . «870039 -e127857 1.179524 =e 314740 Le280951 * L u
61 «894736 ~e131€632 1.181791 ~a317811 le238641 * L u
62 919931 =e135725 la18424% -a321138 1e29)067¢ . L u
63 « 945757 =e14C212 1.186927 =+324733 1e232471 b L J
-1 0972377 =+145186 14189893 —e328321 1e294C34% * L u
&5 1.000000 -e097C8E 141608683 ~«1868877 1.215645 . Lu
AIRFOIL TRAILIRG EDGZ ALRFJIL TKALILINS £DGE

66 1.028899 ~eCh3€E30 1.127893 =+043830 14127893 * [}
67 1.059441 =e 033450 1221352 =e33345¢C 10221350 * 8
68 1092135 =¢029416 1.118797 -aJ29416 141187497 + 8
69 le127723 026085 l.116684 =e926285 lel16¢84 * B
70 14167351 422915 1e114670 =eD22915 lelltd7 * 3
71 1.212946 -.019723 l.112638 =«019723 l.ll2638 * B
72 1.268145 ~e 016427 14110536 —efil6427 1110536 * 3
73 le341184 ~+01317C 118455 -e%13172 1.138455 LA
74 1.456833 14106942 =+010805 1.106942 * 8
75 1.671514 10135758 =.029974 14145708 *# 8
16 1.876313 14104970 =e QL7733 Leida97¢ L)
77 24042561 =e 009657 14106206 =+009657 14106206 * B
78 24209055 -+Cl7748 1.111379 =e017748 1.211379 * B
79 24406774 1.121952 ~e034402 1.121952 * ]
ap 2.702997 10127956 =e043931 16127956 * B
81 44890373 =e0416G0O 1e126494 =e041656 1.126494 * 3

Pigure 4-9.- Continued



Y¥=-GRID VALUES

Y{J) J=

=2.000000 -1.812909
=» 892925 -¢801993
—e343146 -+297595
~a 079132 =+060216

- «001205 «004827
"¢100852 0125487
« 392976 «447391

«992019 | 1.100091

SONIC LINE COORDINATES
Y X-SONIC

2.0000C =+3399¢6
1.81291 -e30427
1464293 ~a42050
1.48818 =k 5417
1.34703 —e48533
1.21807 =:50724
1.10009 =e52586
«99202 =e34224
289293 -e55682
+80199 =:56980
« 71851 -«58131
«b4l83 ~e59143
«57140 =+60026
« 30674 —eb0789
«46739 =s61441
«39298 =+561993
+34315 =e62455
«29739 —+62839
«2560%5 ~e63155
21827 —eb53411
+18404 ~e63617
215317 ~e63781
012549 ~e63910
«10085 =e64010
«07913 =e64086
«06022 ~abhles
204401 ~e64187
03042 ~e64218
+0194C —e64240
«01088 —e64255
«00483 —eb6265
»00121 =e64270
B800Y LOCATION
-+00121 =0 4274
=«00483 —e64279
oldbae ~e64286
-eb4295
=+64304
—e643]2
~e64315
-s64310
—e64295
—e64265
—b4214
-eb%137
~e54026
=e53873
~e63671
=+63408
~+63073
~e62656
~eb2142
-e61521
=+60780
=e59906
=.58886
=e57719
- 99202 -e563865

-1.10009 =s54874
=1.21807 —e53167
=134703 -«51216
=le48818 =+48915
=1.564293 45651

=1.81291 =e41901
=2.0000C —e37572

+57889
«529G7
48093
«43681
239794
36341
033294
30665
«28327
«26189
o24204
022341
«20628
«19055
17522
sl6192
+14836
013645
012429
«11383
10299
w9239
«08355
+07490
«06589
«05780
«04983
«04207
«03470
02782
02163
«(1€85

«1L 545
+10899
«l1434
12085

«12907

«13853
«14789
+15936
«17C58
«18276
«19541
+20856
22239
23687
«25172
226775
«282396
30142
32005
«33958
«36022
«38225
+40608
«£3225
46132
049293
«52827
«56770
61174
«65995
«71061
«7£13¢

~1e642932
=+718505
—e256050
=+ 044007
+010882
153167
+ 506738
1.218072

1 To 6%

=1e488178
~e 641829
-e218269
=030425
«019401
+184038
«571404
le347027

=1e347027 =1.218072
=e 571404 =s 506738

—+184038 —e153167
~a 019401 =e010882
« 030425 «044007
«218269 «256050
«641829 +718505

l.48B176 1.5642930

SONIC LINE DUTPUT
LLLEI LTI P 2 1T

Figure 4-9.- Continued

~14100091
=e 447391
-+ 125487
=sLubB27
+C6C216
2297593
+801993
1812909

~e992019
-+3929756
-¢100852
~eUd1245
e 79132
343145
«892925
20603033



SHOCK WAVE DRAG “AND TOTAL PRESSURE PROFILE SUTPUT
. . M

INVISCIO WAKE PROFILES FOR INDIVIDUAL SHOCK WAVES WITHIN MOMENTUM CONTOUR

-SHOCK
MAVE DRAG FOR THIS SHOCKs +»006437
Y co(yY) PO/POINF

=1.81290940 «00074477 099946609
=1.64293038 «00077664 «99944339
=1.48017769 00104243 «99925270
=134702736 001201294 99913836
-1.21807223 200134241 99903765
=1.10009107 +0014709¢4 99894551
-+99201912 «00159340 99885773
=e 89292538 00171416 «99877115
~e80199344 «+00163630 +99868360
=«71850542 «00196176 «99859365
~e54182864 «00209155 99850061
=e57140431 200222580 99840437
T =350873795 00236387 +99830539
=e44739136 00250436 +99820468
-e39297572 «00264520 *99810371
~e34314575 «00278373 «99800440
=e29759466 00291688 «99790895
~e25604987 +00304137 «9978197¢
=e21826935 «00325408 «99773891
—e108403842 «00325233 299766847
-¢15316703 «0033342% 99760971
912548743 00339920 99756319
-+10085215 +00344746 99752858
~207913226 *00348062 99753482
=+06021592 +00350102 «99749019
~+04400713 «00351149 299748268
=e03042464 «00351495 «99740802C
~«01940111 «00351407 99748083
~-.01088238 «00351110 99748297
=~ 00482689 «00350777 299748535
=e00120527 «00350529 299748713
00120527 «00350345 99748845
«00482689 «00350038 «99749065
«01088238 «00349447 «99749488
01940111 «00348451 99750202
003042464 00346887 299751324
«04400713 «00344554 99752997
«08021592 «00341232 299755377
«07913226 «00336708 «997508621
+10085215 +00330802 99762855
«12548743 «00323402 «99768160
«15316703 00314487 «99774551
18403842 «0Q304139 099781969
21826935 «00292531 «9979C290
»25604987 00279911 99799338
029759466 000266567 +99B808903
«34314575 «00252802 +99818772
39297572 «00238897 99828739
«44739136 00225099 299838631
«50673795 «00211595 99848312
«57140431 «00198513 99857690
«64182864 «00185909 099866726

« 71850542 «00173771 99875427
«80199344 +00162012 299883857
+89292538 «0C150465 «99892135
«99201912 «00138875 99900443
1.10009107 «0012689¢0 999099035
1.21807223 00114057 99918235
1.34702736 «0009985¢5 «9992841¢
1448817799 90074008 099945945
1l.64293038 «00072907 99947735
1.81290940 «00067902 99951322

ISHOCK WAVE EXTENDS OUYSIDE CONTOUR
{PRINTOUT OF SHOCK LOSSES ARE NOT AVAILABLE FOR REST OF $40CK

DRAG COEFFICIENT OQUTPUT
EPERERR AR AR ERERCERES

CALCULATION OF DRAG CDEFFICIENT 8Y MOMENTUR INTEGRAL METHOD

BOUNDARIES OF CONTOUR USED CONTRIBUTION TO CD
UPSTREAM X = =1.170 661 coue = 0.009000
DOWNSTREAN X = ¢ 727663 CDDOWN = +029068
TOP Y= 14812909 coToP = « 005569
,BOTTOM Y= _=1.08129C9 CDBOT = «007056
B8ODY AFT OF X a « 727663 cosapy = 2007356
TOTAL CONTRIBUTIONS AROUND CONTOUR = « 029048
THERE ARE 1 SHOCKS INSIDE CONTOUR. TOTAL CDWAVE = +006437
NDTE = ONE OR MORE SHOCKS EXTEND OUTSIDE OF CONTIUR
CDWAVE DDES NOT EQUAL TOTAL WAVE DRAG
DIAG.éALCULATED FROM MOMENTUM INTEGRAL, co - +035485

TINE TO RUN CASE WAS 62407 SECONDS.

(b) Output.
Figure 4-9.- Concluded




o Hodograph theory (22)
Exact-shock free

Relaxation solutions

— —Full potential (23)

—  Transonic small
disturbance (3)

1 |
0.5 1.0

x/c

Figure 4-10.- Comparison of hodograph and relaxatiop solptipns for
the surface pressure distribution on %)NLR quasi-elliptical
airfoil with & = 0.,1212, o = 1.32° and M_ = 0.7557.

—— Hodograph theory (24)
Exact-shock free

Relaxation solutions

p

——Full potential (23)

——— Transonic small

disturbance (3)

1.0 1 1 | }
] 0.5 1.0
x/c
Figure 4-11,- Comparison of hodograph and relaxation solutions for the
surface pressure distribution on a Korn airfoil with & = 0,115,

a = 0.12° and M_ = 0.75.
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o Full inviscid (25)

—— Transonic small
disturbance (3)

1.0fF
1 J
0 0.5 1.0
x/c
Figure 4-12,- Comparison of relaxation solutions for

the surface pressure distribution of a NACA 0012
airfoil at a = 29, M_ = 0.630.

Time dependent
e Exact isentropic (27)
(conservative)

Relaxation solutions
o Exact isentropic (26)
(nonconservative)

Transonic small-
disturbance
(conservative)

x/c

Figure 4-13,- Comparison of conservative time-dependent and nonconservative
relaxation solutions of exact isentropic egquation and the
small-disturbance conservative solution for the surface
pressure distribution on an NACA 64A410 airfoil
at M_ = 0,735 and o = 1°.
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-4.0 ¢
C. —
P, 1
=-3.0k Small disturbance
‘ Relaxation solutions
u Fully conservative
-2.0 _ (FCR) Ax = 0.02
—_—— O %
P —-—Fully conservative
-1.0}F L (FCR) Ax = 0.001
\
- ! N e Not fully conservative
o 0 f 1} - (NCR) Ax = 0.02
s {
cpgiheory ————— Not fully conservative
| (NCR) Ax = 0.005
1.0
2.0 !
0 0.5 1.0
x/c

Figure 4-14.- Comparison of FCR and NCR solutions for the
similarity surface pressure distribution on a parabolic
arc airfoil with 8 = 0.06 and M _ = 0.872, (19)

3.01
Relaxation
2.01 Small disturbance FCR
v ——-—8Small disturbance NCR
Time dependent
1.0 [ ———— Exact isentropic (22)
0 . e
-0.5 0 0.5 1.0

x/c

Figure 4-15.- Comparison of various solutions for the detached
bow shock wave location for a parabolic arc airfoil with
6 = 0.06 and M_ = 1.15. (19)
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Experiment (15)

C;, = 0.68 CM = -0,14

Small disturbance

Cp (A)—— — Kutta condition
Cr, = 1.25 Cy = -0.34
(B) Circulation set
Cy, = 0.68 Cy = -0.124
b4
Figure 4-16.- Comparison of small disturbance FCR solutions

with data for the surface pressure distribution on a
Garabedian-Korn airfoil at a = 1.38°,
M_ = 0.768. (19)
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O Experiment (30)

) Relaxation solutions
S i
o ——Free air
° ———1Ideal slotted wall
0.5
l1.04——— L .
0 0.5 1.0

X

Figure 4-17,~ Comparison of small disturbance FCR solutions with data
for the surface pressure on a NACA 0012 at o = 0° and
M = 0.8. (19)

O e NASA-Ames 2 X2 Tunnel (1)
Cp = 0.281 Cyqy = -0.0024

———Free air theory
Cy, = 0.713 Cp = 0.0287

CM = =0, 100

Ideal slotted tunnel theory
Cg, = 0.530 Cp = 0.0138

Cy = -0.033

—-—Ideal slotted tunnel theory
Cy, = 0.281 (Fixed)
Cp = 0.0048 Cy = 0.026

Figure 4-18.- Comparison of free-air and wind~tunnel small disturbance
FCR solutions for the surface pressure distribution on a
NACA 64A010 airfoil at a = 2.0° and M_ = 0.802.
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5. PROGRAMMER'S MANUAL

This section of the operational manual provides detailed information
concerning the programming structure of the code, and is intended primarily
to assist those users interested in modifying or extending the program.
Included in this section are a dictionary of all subroutine variables that
appear in common blocks in the program and a detailed description of the
individual subroutines, These should provide all the information necessary

to alter the code in a rapid and error-free fashion.

5.1 Dictionary of Subroutine variables in Common

This section provides a dictionary of all subroutine variables which
appear in common blocks in the program. The dictionary is arranged
serially according to the named common block number rather than alphabeti-

cally in order to provide a more rapid access to the information.

VARIABLE COMMON BLOCK DESCRIPTION AND COMMENTS
COMMON
P(100,101) array containing the small-disturbance velocity

potential ¢ wused in current calculation

X (100) array containing the x-location of mesh points
used in current calculation

Y (100) array containing the y-location of mesh points
used in current calculation

coM 1
IDOWN downstream limit of I index for solution of
difference eguations; equal to IMAX - 1 for
subsonic free streams, and IMAX otherwise
ILE value of I index associated with the mesh
point at the leading edge (x = Q.) or mesh
point on the body closest to leading edge
IMAX number of x-mesh points in current calculation
IMIN value of I 1index designating the x-mesh

point where the calculation is to start;
user-option input, default value equal to 1

TTn2




VARIABLE COMMON BLOCK DESCRIPTION AND COMMENTS
COM 1 (cont'd)
ITE value of I index associated with the mesh

point at the trailing edge (x = 1l.) or mesh
point on body closest to trailing edge
upstream limit of I index for solution of
difference equations; equal to IMIN + 1 for
subsonic free streams and IMIN + 2 otherwise

H
ci
v,

JBOT lower limit of J index for soliution of finite-
difference equations; equal to JMIN + 1 for
free-air subsonic calculations, free-jet cal-
culations, and porous tunnel wall calculations
where the scaled porosity is greater than 1.5;

equal to JMIN otherwise

JLOW value of J index associated with the row of
mesh points immediately below the body

JMAX number of y-mesh points in current calculation

JMIN value of J index designating the y-mesh point
where the calculation is to start; user-option
input default value ecual to 1

nput, default value

JTOP upper limit of J index for solution of finite-
difference equations; equal to JMAX - 1 for
free-air subsonic calculations, free-jet cal-
culations, and porous tunnel wall calculations
where the scaled porosity is greater than 1.5;
equal to JMAX otherwise

JUP value of J index associated with the row of
mesh points immediately above the body

coM 2
AK transonic similarity parameter; equal to
(1 - M2)/M2M52/3 yhere m is equal to zero

for Cole scaling, 2/3 for Spreiter scaling,
and 1/2 for Krupp scaling

ALPHA angle of attack; user-option input, default
value equal to 0.12°

DUB strength of doublet characterizing far-field
behavior; set equal to airfoil volume for
nonlifting free-air flows; equal to volume
+ (v+1) /4 ff ¢% dx dy otherwise

GAM1 equal to v + 1

RTK equal to vV |AK|
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VARIABLE

ABORT (logical)

ICUuT

IREF

KSTEP

XIN(100)

YIN(100)

AMESH (logical)

XDIFF (100)

YDIFF (100)

CAMBER (100)

FL(100)
FU(100)

FX1(100)
FXU(100)

IFOIL

104

COMMON BLOCK DESCRIPTION AND COMMENTS

coM 3

program control for terminating calculation if
solution diverges

control for mesh cut and refinement; equal to
0, input mesh used to convergence; equal to 1,
input mesh may be cut once; equal to 2, input
mesh may be cut twice; user-option input,
default value equal to 2

internal program control for mesh cutting

internal program control for index increment for
mesh cutting

CcCoM 4

array of x-ordinates of user-supplied x-grid;
set equal to XKRUPP if default x-grid chosen

array of y-ordinates of user-supplied y-grid;
set equal to YFREE or YTUN if default vy-grid
chosen
control for use of analytical default mesh
calculated by AYMESH; user-option input,
default value is FALSE
COM 5

array of difference coefficients for determining
$y3 equal to 1./(X(I) - X(I-1))

array of difference coefficients for determining
¢y; equal to 1./(Y(J) - ¥Y(J-1))

COM 6

array of ordinates of airfoil camber-line
distribution

array of y-ordinates of airfoil lower surface
array of y-ordinates of airfoil upper surface

array of slopes (dF,/dx) of airfoil lower
surface

array of slopes (dF,/dx) of airfoil upper
surface

number of mesh points on airfoil; equal to
ITE - ILE + 1




VARIABLE

THICK(100)

VOL

XFOIL(100)

CJIJLOW

CJLOW1

CJgup

CJUPl

CVERGE

DVERGE

EPS

IPRTER

MAXIT

COMMON BLOCK DESCRIPTION AND COMMENTS

COM 6 (con't)

array of ordinates of airfoil thickness
distribution

volume of airfoil/unit span
array of x-ordinates of mesh points on airfoil
coMm 7

difference coefficient for extrapolation
formulas to obtain airfoil lower surface
properties; equal to -Y(JLOW-1)/ (Y (JLOW)
- Y(JLOW-1))

difference coefficient for extrapolation
formulas to obtain airfoil lower surface
properties; equal to -Y (JLOW)/ (Y (JLOW)
- Y(JLOW-1))

difference coefficient for extrapolation
formulas to obtain airfoil upper surface
properties; equal to Y (JUP+1l) /(Y (JUP+1)
- Y (JUP))

difference coefficient for extrapolation
formulas to obtain airfoil upper surface
properties; equal to Y (JUP)/(Y(JUP+1)
- Y(JUP))

CoM 8

convergence criterion for maximum iteration
error of ¢; user-option input, default value
equal to 0.00005

divergence criterion for maximum iteration
error ¢; user-option input, default value
equal to 10.

coefficient of pseudo-time term At¢yxt/AX in
differential equation; value between 0. and 1.;
default value equal to 0.

control for print frequency of y-line in mesh
where error is largest; for example,
IPRTER = 10 implies line will be printed
every 10th iteration; user-option input,
default value equal to 10

control for maximum number of iteration cycles

allowed on each mesh; user-option input,
default value egqual to 500
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VARIABLE

WE(3)

BCFOIL (integer)

NU

RIGF

XL (100)

XU (100)

YL (100)

YU (100)

GAM

JMXF

JMXT
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COMMON BLOCK

DESCRIPTION AND COMMENTS

COM 8 (cont'd)

relaxation factor at elliptic points on the
coarse, medium, and fine mesh, respectively;
user-option input, default values in order

are 1.8, 1.9, and 1.95; if user-specified, all
three values must be given

coM 9

control for airfoil geometry options; equal to
1 for symmetric NACA four-digit (00XX) series;

equal to 2 for parabolic

user-specified ordinates,

arc; equal to 3 for
program calculates

ordinates and slopes at mesh points by cubic

spline interpolation; equal to 4 for complete
user-supplied description; user-option input,
default value is 3 and program uses Korn

airfoil ordinates

number of ordinate points

used to describe air-

foil lower surface; default value (for Korn

airfoil) is 75

number of ordinate points

used to describe air-

foil upper surface; default value (for Korn

airfoil) is 100

Reigles rule nose correction factor for modifying
airfoil slopes; user-option input, default value

is 0.0

array of x-ordinates for
user-supplied if BCFOIL
(Korn) airfoil is used

array of x-ordinates for
user-supplied if BCFOIL
(Korn) airfoil is used

array of vy-ordinates for
user-supplied if BCFOIL
(Korn) airfoil is used

array of y-ordinates for
user-supplied if BCFOIL
(Korn) airfoil is used

CoM 10

airfoil lower surface;
= 3, unless default

airfoil upper surface;
= 3, unless default

airfoil lower surface;

= 3, unless default

airfoil upper surface;
= 3, unless default

ratio of specific heats; user-option input,

default value equal to 1.

4

number of y-mesh points for basic Krupp free-

air grid; equal to 57

number of y-mesh points for basic wind-tunnel

grid; equal to 49



VARIABLE

XGRDIN

XKRUPP (100)

YFREE (100)

YGRDIN

YTUN (100)

ALPHAO

CLOLD

DELTAO

DUBO

EMACHO

IMAXT

IMAXO

IMINO

JMAXT

COMMON BLOCK DESCRIPTION AND COMMENTS

COM 10 (cont'd)

control for input of x-grid; equal to TRUE
if x-grid is user-specified; equal to FALSE
if default x-grid (XKRUPP) is used; default
value equal to FALSE

array of x-ordinates for basic Krupp free-air
grid ’

array of y-ordinates for basic Krupp free-air
grid

control for input of y-grids; equal to TRUE
if y-grid is user-speicified; equal to FALSE
if either default y-grid (YFREE or YTUN) is
used; default value equal to FALSE

array of y-ordinates for basic wind-tunnel
grid

CoM 11

value of angle of attack (ALPHA) from previous
calculation

value of 1lift coefficient (CL) from previous
calculation

value of thickness ratio (DELTA) from previous
calculation

value of far-field doublet strength (DUB) from
previous calculation

value of Mach number (EMACH) from previous
calculation

number of x-mesh points; less than or equal
to 100; user-option input, default value is
77 for basic Krupp grid

number of x-mesh points (IMAX) used in previous
calculation

value of I index (IMIN) where previous
calculation was initiated

number of y-mesh pointsj; less than or equal to
100; user-option input, default value is 57
(IMXF) for basic Krupp free-air grid or 49
(JMXT) for basic wind-tunnel grid
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VARIABLE

JMAXO

JMINO

PSAVE (logical)

PSTART (integer)

TITLE(8)

TITLEO (8)

VOLO

XOLD (100)

YOLD (100)

HALFPI
PI
RTKPOR

TWOPI
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COMMON BLOCK DESCRIPTION AND COMMENTS

COM 11 (cont'd)

number of y-mesh points (JMAX) used in previous
calculation

value of J index (JMIN) where calculation was
initiated

control for saving restart block of values on
unit 3; equal to TRUE for final results of
current calculation to be saved; user-option
input, default value is FALSE

control for initializing velocity potential ¢

array; equal to 1, ¢ set to zero; equal to 2,
¢ read from tape unit 7; equal to 3, ¢ used

from previous case; user-option input, default
value equal to 1

user-input alphanumeric array containing run
title information

alphanumeric array containing run title
information from previous run '

value of airfoil volume (per unit span) from
previous calculation

array of x-mesh ordinates from previous
calculation

array of y-mesh ordinates from previous
calculation

COM 12

wind-tunnel slot parameter; user-option input,
default value equal to 0.

wind-tunnel half height to chord ratio; user-
option input, default value equal to 0.

equal to /2
equal to T
equal to v |AK| /POR

equal to 27




VARIABLE

CDFACT

CLFACT

CMFACT

CPFACT

CPSTAR

CLSET

FCR (logical)

KUTTA (logical)

WCIRC

BETAO

COMMON BLOCK DESCRIPTION AND COMMENTS

com 13

transonic scale factor for drag coefficient;
equal to 6%*/3M_ % where n equals O for
Cole scaling, 273 for Spreiter scaling, and
3/4 for Krupp scaling .

transonic scale factor for lift coefficient;
equal to §2/°M ' (see CDFACT)

transonic scale factor for moment coefficient;
equal to 62/3M;n (see CDFACT)

transonic sca}e factor for pressure coefficient;
equal to 62/3M77 (see CDFACT)

critical pressure coefficient
COM 14

specified 1lift coefficient; used if Kutta
condition is FALSE; user-option input,
default value equal to O.

control for fully conservative differencing;
equal to TRUE for fully conservative form;
otherwise, difference equations not conser-
vative at shock waves; user-option input,
default value equal to TRUE

control for Kutta condition specification;
equal to TRUE for Kutta condition enforce-
ment; equal to FALSE for lift-coefficient
specification; user-option input, default
value equal to TRUE

relaxation factor for circulation; user-option
input, default value equal to 1.

coM 15

constant in subsonic far-field doublet solution
for various wind-tunnel walls; equal to 0.5
for solid wall; equal to 0. for free-jet,
slotted, or perforated/porous walls

constant in subsonic far-field vortex solution
for various wind-tunnel walls; calculated by
VROOTS for ideal slotted tunnel wall; equal
to w/2 for solid wall; equal to 0. for
free jet; equal to tan~!(RTK/POR) for ideal
perforated/porous wall

109



VARIABLE COMMON BLOCK DESCRIPTION AND COMMENTS

COM 15 {(cont'd)

BETAL see BETAO
BETA2 see BETAO
PSTI0 constant in subsonic far-field vortex solution

for various wind-tunnel walls; calculated by
VROOTS for ideal slotted tunnel wall; equal
to 1. for solid wall, free-jet, and ideal
perforated/porous wall

PSI1 see PSIO
PSI2 see PSIO0
COM 16
ALPHAO constant in subsonic far-field doublet solution

for various wind-tunnel walls; calculated by
DROOTS for ideal slotted tunnel wall; equal
to 7 for solid wall; equal to w/2 for
free-jet; equal to 7/2 - tan~' (RTK/POR) for
ideal perforated/porous wall

ALPHAL see ALPHAO
ALPHAZ2 see ALPHAO
JET (real) constant in subsonic far-field vortex solution

for various wind-tunnel walls; equal to 0. for
solid and ideal perforated/porous wall; equal
to 0.5 for free-jet and ideal slotted walls

OMEGAOQ constant in subsonic far-field doublet solution
for various wind-tunnel walls; calculated by
DROOTS for ideal slotted tunnel wall; equal
to 1. for solid wall, free-jet, and ideal
perforated/porous walls

OMEGAL see OMEGAO
OMEGA 2 see OMEGAOD
XSING x-location of vortex and doublet used to

determine far-field behavior on outer
boundaries; equal to 0.5

coMm 17
CYYBLC special ¢ v difference coefficient at airfoil
lower surface; equal to -CYYBLU/ (Y (JLOW)
- Y (JLOW-1))
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VARIABLE COMMON BLOCK DESCRIPTION AND COMMENTS

COM 17 (cont'd)

CYYBLD special ¢ difference coefficient at airfoil
lower sur%%ce; equal to -CYYBLC

CYYBLU special ¢ difference coefficient at airfoil
lower sur%gce; equal to -2./(Y(JLOW) + Y (JLOW-1))

CYYBUC special o) v difference coefficient at airfoil
upper surface; equal to CYYBUD/ (Y (JUP+1)
- Y (JUP))

CYYBUD special ¢ difference coefficient at airfoil

upper surface; equal to -2./(Y(JUP+1l) + Y (JUP))

CYYBUU special ¢ difference coefficient at airfoil
upper surface; equal to -CYYBUC

FXLBC (100) array containing body-slope boundary condition
on lower surface multiplied by mesh spacing
constant CYYBLU

FXUBC (100) array containing body-slope boundary condition
on upper surface multiplied by mesh spacing
constant CYYBUD

ITEMPL dummy index
ITEMP2 dummy index
coM 18
DCIRC iteration error in circulation; equal to
n+1 n

ERROR absolute value of t%e maximu¥ iteration error

; . X T n-

in ¢; that is, l¢j,i ¢j,i|max
I1 dummy T index used to alternate storage in

arrays POLD (J,I) and EMU (J,I)

12 dummy I index used to alternate storage in
arrays POLD (J,I) and EMU (J,I)
JIERROR value of I index where maximum iteration

error in ¢ occurs

JERROR value of J index where maximum iteration
error in ¢ occurs

OUTERR (logical) internal program control for printout of
iteration count, CL, CM, CD, IERROR, JERROR,
ERROR, and ERCIRC

POLD (100, 2) array used to store current and previous column
of ¢. .
J,1
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VARIABLE

vC (100)

WI

DIAG(100)

RHS (100)

SUB(100)

SUP(100)

XMID(100)

YMID (100)

CXC(100)

CXL(100)

CXR(100)

CXXC (100)
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COMMON BLOCK DESCRIPTION AND COMMENTS

COM 18 (cont'd)

array used to store current column of 2. (1-MZ)Y
+1); equal to cl(I) - (CXL(I)-POLD(T,12)
+ cxc(z} B(J,I) + CXR(I).P(J,I+1))

CcoM 19

reciprocal of elllptlc relaxation factor for
current mesh

array of diagonal elements of tridiagonal matrix
equation for column solution of ¢

array for the right-hand side column vector of
tridiagonal matrix equation for column solution
of ¢

array of sub-diagonal elements of tridiagonal
matrix equation for column solution of ¢

array of super-diagonal elements of tridiagonal
matrix equation for column solution of ¢

CoM 20

array of x-mesh points obtained by deleting
every other point in input array XIN starting
with I = IMIN + 1

array of y-mesh points obtained by deleting
every other point in input array YIN starting
with J = JMIN + 1

CoM 22

centered ¢, difference coefficient devided by
X (I+l) - X(I-1) for IMIN + 1 < I < IMAX - 1;
equal to -CXL(I) - CXR(I)

left-biased ¢, difference coefficient divided
by X(I+l) - X(I-1) for IMIN + 1 < I < IMAX - 1;
equal to -0.5%(v+1l)/((X(I) - X(I-1))*(X(I+1)
- X(1I-1)))

right-biased ¢ difference coefficient divided
by X(I+l) - X({I-1) for IMIN + 1 < I < IMAX - 1;
equal to 0.5*%(V+1)/((X(I+l) - X(I))*(X(I+l)
- X(1-1)))

centered ¢yxy difference coefficient multiplied
by X(I+l) - X(I-1) for IMIN + 1 < I < IMAX - 1;
equal to -CXXL(I) - CXXR(I)




VARIABLE

CXXL(100)

CXXR (100)

C1(100)

CYYC (100)

CYYD(100)

CYYU (100)

IVAL

DBOT (100)

DDOWN (100)

DTOP (100)

DUP(100)

VBOT (100)

VDOWN (100)

VTOP (100)

VUP(100)

COMMON BLOCK

left-biased ¢y
plied by X(I+1)

DESCRIPTION AND COMMENTS

COM 22 (cont'd)

< IMAX - 1; equal to 2./(X{(I) - X(I-1))

right-biased @y

plied by X(I+1)

COoM 23

difference coefficient multi-
- X(I-1) for IMIN + 1 < I

difference coefficient multi-
- X(I-1) for IMIN + 1 < I

< IMAX - 1; equal to 2./(X(I+l) - X(I))
equal to AK/(X(I+1l) - X(I-1))
centered ¢ difference coefficient; equal to

Zoyyp(3) vy

down-biased ¢y
to 2./((Y(J)

for JMIN + 1 < J < JMAX =~ 1

up-biased ¢ y difference coefficient;
¥f+l) - Y(@)*(Y(J+2) - Y (J-2)))
< gMAX - 1

to 2./((¥(
for gMIN + 1 < J

U(J) for JMIN + 1 < J < JMAX - 1

v difference coefficient; equal
- Y(J-1))* (Y (T+1) - ¥ (JT-2)))
equal

index identifying the current column location;

equal to

COM 24

array of
doublet

array of
doublet

array of
doublet

array of
doublet

array of

I

subsonic,
values on

subsonic,
values on

subsonic,
values on

subsonic,
values on

subsonic,

far-field, unit-strength
bottom boundary

far-field, unit-strength
downstream boundary

far-field, unit-strength
top boundary

far-field, unit-strength
upstream boundary

far-field, unit-strength

vortex values on bottom boundary

array of subsonic, far-field, unit-strength
vortex values on downstream boundary

array of

subsonic,

far-field, unit-strength

vortex values on top boundary

array of

subsonic,

far-field, unit-strength

vortex values on upper boundary
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VARIABLE

CPL (100)

CPU(100)

PJUMP (100)

CL
DELRT2

DELTA

EMACH

EMROOT

PHYS (logical)

PRTFLO (integer)

SIMDEF (integer)

SONVEL

VFACT
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COMMON BLOCK

DESCRIPTION AND COMMENTS

coM 25

array of pressure coefficient values on
y =20 lines from IMIN < I < IMAX

array of pressure coefficient values on
y = 0% 1line from IMIN < I < IMAX

COM 26

array of values for the jump in potential across
the wake from ITE £ I < IMAX; equal to

CIRCTE + (X(I) - 1.)*(CIRCFF-CIRCTE)/X (IMAX1
-1.)

coMm 27

1ift coefficient
equal to (6)2/3

airfoil thickness ratio 6; user-option input,
default value equal to 0.115

free-stream Mach number M _; user-option input,
default value equal to 0.

equal to (Mw)z/a

control for transonic scaling used for input/
output; equal to TRUE for physically scaled
values and FALSE for transonically scaled
values; user-option input, default value equal
to TRUE

control for print option of final flow field;
equal to 1 for no flow field printout, equal
to 2 for entire flow field printout, egual

to 3 for printout of 3J lines around maximum
error; user-option input, default value equal
to 1

control for transonic similarity scaling
definition; equal to 1 for Cole scaling,
equal to 2 for Spreiter scaling, equal to
3 for Krupp scaling, equal to 4 for user-
supplied scaling; user-option input, default
value equal to 3

perturbation velocity at sonic point; equal to
AK/GAM1

transonic scale factor for flow angle deflection;
equal to &-(180°/7)




VARIABLE COMMON BI.OCK DESCRIPTION AND COMMENTS

YFACT

BCTYPE

CIRCFF

CIRCTE

FHINV

POR

BIGRL

IRL

JRL

COM 27 (cont'd)

transonic scal7 factor for lateral coordinate;
equal to &7 S3MZM where m equals 0 for,
Cole scaling, 2/3 for Spreiter scaling, and
1/2 for Krupp scaling

COM 28
(integer) input control for type of flow to be computed;
equal to 1 for free air, 2 for solid wall
tunnels, 3 for free jet, 4 for ideal slotted-
- wall tunnel, and 5 for ideal perforated/porous

wall tunnel; user-option input, default value
equal to 1 .

circulation in far field
jump in potential at the trailing edge, A¢io
equal to 1./(F*H)

wall porosity factor; user-option input, default
value equal to 0.

CcoM 30

common block COM 30 is a scratch common used
to shorten storage requirements; all variables
appearing in COM 30 are used internally only
within each subroutine and not passed for use
to other subroutines

COM 32

maximum residual of finite difference equation;

equal to (R, .
q Ry )

max
value of I index where maximum residual occurs
value of J index where maximum residual occurs

coM 33

THETA (100, 100) array containing values of the angle used to

A (200)

update the potential for subsonic free-air flows
by spreading the circulation rapidly through the

flow field; calculated by ANGLE; egual to
1/2m tan™' (JK ¥/ (X;-XSING))

SPLN
coefficient array for cubic-fit, continuous

derivative interpolation formula for fitting
tabulated airfoil ordinates
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VARIABLE COMMON BLOCK DESCRIPTION AND COMMENTS

SPLN (cont'd)

B(200) coefficient array for cubic-fit, continuous
derivation interpolation formula for fitting
tabulated airfoil ordinates

DYl slope of airfoil upper or lower surface at
leading edge

DY 2 slope of airfoil upper or lower surface at
trailing edge

DYP slope of airfoil at XP calculated by cubic
spline interpolation SPLN1

K1l index for internal control of SPLN1 subroutine;
equal to 1 implies first derivative specified,
equal to 2 implies second derivative specified

K2 index for internal control of SPLNl1 subroutine;
equal to 1 implies first derivative specified,
equal to 2 implies second derivative specified

XPp X-location of current mesh poaint on airfoil
XIN(I), ILE < I < ITE

YP y-ordinate of airfoil at XP calculated by
cubic spline interplation

5.2 Description of Individual Subroutines

This section provides a description of the individual subroutines in
the program, including the main program. The descriptions are ordered

alphabetically according to subroutine name.

5.2.1 Subroutine ANGLE.- Subroutine ANGLE computes the guantity

THETA(J,I) at the input mesh points (I,J) according to

1 R ¥

B NET el N

THETA (J,I) = 5- tan™' | ——g=r0e
1

where XSING = 0.5. For R = V§§ +o(x; - XSING)2 < 1, the guantity is
reduced by THETA(J,I) = R+#THETA(J,I). These values are used in subroutine
SOLVE to enhance the convergence characteristics. of subsonic free-air flows
by transmitting the effect of updated circulation throughout the flow
field. This is accomplished by updating the potential at the end of each

iteration sweep in X by
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n+1 n+1 . _n+l n
. . = . .+ - «THETA(J,I
¢3,1 ¢3,1 (r ) (J,I)

5.2.2 Subroutine ARF(X) .- Subroutine ARF(X) evaluates the error

function

X
2
arr(x) = 2 [ et%at

A

o

by using the rational fraction approximation given in the Handbook of
Mathematical Functions, AMS 55, edited by M. Abramowitz and L. A. Stegun,

Fifth Printing, August 1966, p. 299, Equation 7.1.26.

5.2.3 Subroutine AYMESH.~- Subroutine AYMESH computes an analytical
(x,Y) mesh based in part on the formulation in reference 1l. That mesh
formulation was designed for M _< 1 free-air flows; however, it can be

used for M >'1 flows as well as for wind tunnel environments. A

coordinate tranformation in X is made according to the following formula:

: a % 2
iy = 1 oo b @z T 2] 2 [* e ae]
X{x) = (1 o) ialxe L J,\/"Fj f
(o
2a -1
+-<FQ tan [aB(x + ao)]
An initial x(l) mesh is chosen by setting
401
o) =[5 (2552) |
I=201
1 200
R (M]%°° - ()
I=1 I
Corresponding Xél)(xél)) are then computed from the above stretching with
the following coefficient values: a, = 0.225, a, = 1.4, a, = 1.6, a, = 0.75,
a_ = 30.0, a, = 0.603, and a, = 2.0. Then, for a fixed AX increment equal
to AX = 2/(IMAXI-1l), the corresponding Xx. points are found by using a
quadratic interpolation scheme with the X 1), x(l) arrays. The final X;
mesh is found by using X, = X, +ta, where a; = 0.6188.

The y array definition depends on whether the calculation is for free

air or a tunnel environment. For free air
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T J - 2
2 ° (JMAXI
EE N
~ tan 2 JMAX
Yj = 5.3 TMAXT 5 + 1 < 35 £ JMAXT
™ 2
2 JMAXT
tan 2 + 1
~ > . JMAXI
Yy T Yoaxrel-j 0 TSI ST
while for a tunnel environment
5 - JMAXT
> - 21T, 2 JMAX .
yj = tan 5 VAR 5 > + 1 < 3 £ JMAXI
~ _ . . JMAXT
Yy T Yowaxr+i-j 0 1S3 ST

The default values for IMAXI and JMAXI used with this analytical
mesh are TIMAXI = 81, JMAXI = 64. These values produce a mesh sufficiently
fine for almost all aerodynamic applications and permit the mesh halving

option to be used twice; that is, fine to medium to coarse.

5.2.4 Subroutine BCEND (I,JEND,IL).- Subroutine BCEND modifies the
diagonal DIAG(J) and right-hand side RHS(J) elements of the tridiagonal

matrix in the tridiagonal matrix equation for the residual of the velocity
potential along a column to include the boundary conditions along the botton
(J JBOT) and top (J = JTOP) rows. The routine first sets the index I

(T

then branches to the appropriate modification of the type of flow environment

IVAL) to correspond to the current column being solved by SYOR and

being considered according to the following schedule:
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6TT

For the top boundary,

| DIAG !
BCTYPE JTOP MODIFICATION \ RHS MODIFICATION
1(X) > 0) JMAXI-1 - ———-
1 [=R+CYYU (JTOP) . (¢ . =9 )
1K) < 0) -/~R.CYYU(JTOP) | » JMAX,i ~ YJIMAX,i-1
X. = X. i X. = X,
1 1-1 ; 1 i-1
\
| + CYYU(JTOP).¢JTOP+1’1
2 JMAX ‘1 —— : ————
j T )
4 £f :
3(K > 0) JMAX-1 - CYYU(JTOP)< 2t ¢JTOP+l,i
3(K < 0) JMAX~1 ——— CYYU (JTOP) .¢JTOP+1 i
3 |
]" !
- CYYU(JTOP) 1 (_£f£ )
4(K > 0) JMAX FH CYYU(ITOR)| g\ "2 * Pgrop,i/) T Parop,1,d
- CYYU(JTOP) 1
4(X < 0) JMAX T CYYU(JTOP) [FH ¢JTOP,i + ¢JTOP+1,i]
_ o (n-1) _ ,(n)
5(POR > 1.5) JMAX-1 CYYU(JTOP)(¢JMAX,i ¢JTOP+l,i)
(¢JMAX,i from egs. (A), (B))
5 (POR < 1.5) - _ POR.CYYU(JTOP) POR'CYYU(JTOP)(¢JMAX,i _ ¢JMAX,i-ﬂ
* X, - X. X, - X,
i i-1 i i-1
+ CYYU(JTOP)-¢JTOP+1’i




0zt

and for the bottom boundary

BCTYPE JBOT MODI];%%TION RHS MODIFICATION
1(xK > 0) JMIN+1 — —_———
1(K < 0) IMIN - J=K.CYYD (JBOT) =R CYYD(IBOT) - by i ~ PoMrn-1,i
X. — X, X, — X,
1 1-3 1 i-1
+ CYYD(JBOT) ¢ ;nopoy 3
2 IMIN ———— ——_———
3T
3(k > 0) JMIN+1 ——— (_ﬁ )
CYYD (JBOT) (—5— + ?rBoT-1, i
3(R < 0) JIMIN+1 —_———— CYYD (JBOT) .¢J'_BOT—1 i
3
3r
4K > 0) IMIN  ~CYYD (JBOT c _1_( £f
FH YYD(IBOT) | gg\~2 * ®smor,i/ * ®omor-1,i
P ~-CYYD (JBOT) [A ]
4(K < 0) JMIN T CY¥D(JBOT) | Ppor,i * Popor-1,4
5(POR > 1.5) JMIN+1 ——— (n-1) _ 4(n) )
CYYD (JBOT) (¢JM1N,:L ¢J‘BOT—1,i
(¢JMIN,i from egs. (A), (B))
5(POR < 1.5)|  JMIN —~POR - CYYD (JBOT) POR-CYYD (JBOT) (bgyry 5 ~ Pomrn,i-1)
X, — X, X, - X,
1 1-1 1 1l-1
+ CY¥D(JBOT) *® nom o 4
b




where for BCTYPE = 5, superscript n refers to the iteration count,

m) _ 4 X i (n)
3,1 = #5,i sor Py )5,i-1/2 (a)
and
» (1) ¢ () ¢ (n) o ()
JMAX , _ PoMAX-1 JMAX ;_ _ P9MAX-1
(6™ _ 1) oM gurN+l’t | gmrne Tt JMIN+1> (B)
Y gMIN’i"l/Z 2 Yomax _ Yomax-1 Yomax _ Yamax-1
JMIN ~  JMIN+1 JMIN ~  JMIN+1

where the (-) sign in eqguation (A) corresponds to the top (J = JTOP)
boundary. This modification applies only for i = IUP, at which point all
(n) (n) . ..
of the ¢JMAX,i and ¢JMIN,i values are set for the current iteration " x
sweep. No modification is necessary for i > IUP.
For BCTYPE = 6, the difference eqguations have not yet been worked out.
Consequently, the user must insert the appropriate information required;

otherwise, an error message is printed and an abnormal stop occurs.

5.2.5 Subroutine BLOCK DATA.- Subroutine BLOCK DATA is a storage

subroutine which contains all of the default values for the various

parameters and arrays required as input to the program.

5.2.6 Subroutine BODY.- Subroutine BODY determines the body geometry

information reguired for the boundary conditions and output. Four user-
option choices of body description are programmed and available according

to the input control BCFOIL as follows:

BCFOIL ATIRFOIL
1 NACA 00XX series
2 Parabolic-arc
3 User-supplied ordinates (default = Korn)
4 User specification

The subroutine computes the body ordinates and slopes at the input
x-mesh locations and normalizes them by the thickness ratio 6. For
BCFOIL = 3, a cubic spline interpolation is used for both slopes and
ordinates, Next, the body volume per unit span, camber and thickness
distributions are computed, then the airfoil upper and lower airfoil slopes

are recomputed using a Reigel's rule nose correction RIGF according to
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FXU(I) = FXU(I)
- \/1 + RIGF(A.FXU(I))?®

FXL (I)
/1 + RIGF(A-FXL(I))?

FXL(I) =

where 0 < RIGF < 1 and is user-specified. Finally, subroutine PRBODY is

called to output the calculated information.

5.2.7 Subroutine CDCOLE.- Subroutine CDCOLE computes the airfoil

inviscid drag by the momentum integral method; that is, by integrating
around a contour enclosing the body and along all shocks inside the

[y

contour according to the following formulation:
__ﬁfiL__.= 95 /K u? _ _y+1 u3> ay - (uv)dx | - Y+l [u] 2ay
25°/3" \" 2 3 Y 12 ul“dy

00 C S2C

where ¥ 1is the transonically scaled y coordinate, n depends on the
transonic scaling used (see Table 4-I), and [u] is the jump in ¢, across
the shock waves S contained within the contour C. Sample contours

incorporated in the program are shown below:

where for the subsonic contours A and B, the upstream boundary is set at
IU = (IMIN + ILE)/2 and the top and bottom boundaries at JT = JMAX - 1
and JB = JMIN + 1, respectively. For situations where the velocity at

the upper surface of the trailing edge is less than sonic, as in contour A,
the downstream boundary is set at ID = (IMAX + ITE)/2. Otherwise, ID

is the I index at the x-mesh point closest to the three-quarter chord
point on the airfoil, X(I) < 0.75, as shown in contours B and C. For
supersonic free streams, as in contour C, the upper and lower boundaries
are set to encompass the subsonic region ahead of the airfoil. We note
that the reason for indenting the contours B and C in the manner shown is

to avoid placing the drag contour behind an oblique supersonic shock;

122



that is, a shock whose downstream flow is supersonic, since the present
method uses a first-order accurate hyperbolic operator which tends to
dissipate the shock structure over six to ten mesh points. This is an
inherent weakness in the present method if sharp supersonic oblique shocks

are required.

—_

Subroutine CDCOLE first fixes the locations of the contour boundaries
ase of a supe
before the calculations are initiated, a check is made to insure that the
bow shock is not attached or located too close to the body nose or too
close to the upstream boundary. If it is, a message is printed to that
effect, the drag computed by a surface pressure integration, and the sub-
routine exited. If not, the subroutine proceeds to calculate the contour
drag integral on the upstream, top, bottom, downstream, and body boundaries,
and also on the shocks within the contour using in all cases a trapezoidal
rule integration. After the computations are completed, information is
printed regarding the drag contribution from each boundary, the total
contour drag, the number of shock waves within the contour, the total wave
drag, and a message stating whether all the shocks are contained within the

contour or whether one or more of the shocks extend beyond the boundaries.

5.2.8 Subroutine CKMESH.- Subroutine CKMESH checks the number of

points in both the input x-mesh and the vy-mesh. If necessary, the x-

mesh is adjusted to contain an odd number of points before the tail and
an odd number after the tail, and the y-mesh adjusted to contain an even
number of points above and below the airfoil. In counting points in the
x-mesh, the point at the trailing edge (I = ITE) is included in both the
sets before and after the tail. If the addition of the extra point(s)
causes either IMAX or JMAX to exceed 100, a message to that effect is

printed, no points are added, and the subroutine exited.

5.2.9 Subroutine CPPLOT.- Subroutine CPPLOT produces a printer plot

of the pressure coefficient on the dividing streamline (y = 0+) ahead of,
on, and behind the airfoil. The character "U" is printed for the pressure
coefficient on the airfoil upper surface, "L" for the lower surface, "B"
for points before and behind the airfoil, and "---" for the critical

(sonic) pressure coefficient.

5.2,10 Subroutine CUTOUT.~ Subroutine CUTOUT reduces the number of
input mesh points to establish a coarse grid for the first attempt at a

solution. The x-mesh and the y-mesh are halved, and if possible halved
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again. If it is desired to use the input mesh to convergence or if the
input mesh cannot be refined, the XIN and YIN arrays are loaded into the
working arrays X and Y and the routine exited. Otherwise, CUTOUT
eliminates half the points in both the =x-mesh and y-mesh and adjusts

the indices IMAX and JMAX, keeping the first and last points of the meshes

at the same location as they were originally.

If it is desired to perform only one grid halving (ICUT = 1), the
subroutine loads the remaining points into the X- and Y-arrays and exits.
If two mesh cuts are desired (ICUT = 2) and if after the first cut there
are an odd number of points before and after the airfoil and an even number
below and above the airfoil, the mesh is again halved and the points are
loaded into the X- and Y-arrays. After each halving, subroutines ISLIT
and JSLIT are called to adjust the I indices at the leading and trailing
edges and the J indices immediately above and below the airfoil.

5.2.11 Subroutine DIFCOE.- Subroutine DIFCOE computes on the current
(X,Y) mesh the difference coefficients throughout the flow field, including

the boundaries, that are required for determining the various finite-diff-

c orms of
erence form ¢x’ ¢xx’

differential equation for ¢. In addition, the difference coefficients

and ¢yy needed for the solution of the partial

required to determine the velocities (¢x,¢y), together with special coeffi-
cients needed for extrapolation of flow field properties to the airfoil
surface, and special difference coefficients for determining ¢YY near the

airfoil surface are also computed and stored.

5.2.12 Function subroutine DRAG (CDFACT).- Function subroutine DRAG

computes the pressure drag by integrating ¢x-¢y around the airfoil

surface. The pressure drag is defined as

Ch fﬁ
—_— = - o ¢ dx
5/3, N X'y
20 Moo airfoil
or equivalently,
1
C_D__ ¢+d_.FE_ —dF_'ed
2+-CDFACT x dx x dx %
o

where ¥ 1is the transonically scaled y-coordinate, CDFACT (=55/3M;n) is

the appropriate transonic scaling factor for the drag coefficient, and
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F, g are the affine ordinates describing the airfoil upper and lower
b
surface. The subroutine uses the latter form and computes the integral

by a trapezoidal rule integration through subroutine TRAP.

5.2.13 Subroutine DROOTS.- Subroutine DROOTS computes the constants
ALPHAO, ALPHAl, ALPHA2, OMEGAO, OMEGAl, and OMEGA2 which are required for
the subsonic far-field doublet in an ideal slotted wind tunnel (BCTYPE=4).

The ALPHA's are computed in an iterative fashion as follows:

ALPHAOT = z - tan™* [F*ALPHAon‘1 - 125-]
: B
aLpEAl” = T - tan™} [F*(ALPHAln'l-v) —-%55]
B
ALPHA2" = T - tan ' [F*(ALPHAZn_l-—ZW) - 135]
P

where F is the tunnel slot parameter, P is the transonically scaled
wall porosity factor, and K is the transonic similarity parameter. One
hundred iterations are allowed for convergence, with the error criterion,

< 107°

ALPHA" - ALPHA" Y|

If any ALPHA fails to converge within 100 iterations, an error message is
printed and the program stops. If all three alphas converge, then the
OMEGA's are computed as follows:

-1
OMEGAO = [ 1 + :‘
1 + ctn” (ALPHAO)

with analogous formula for OMEGAl and OMEGA2.

5.2.14 Subroutine ECHINP.- Subroutine ECHINP reads and prints all of

the input cards that are used for the runs to follow.

5.2.15 Function subroutine EMACHL (U) .- Function subroutine EMACH1

computes either the local Mach number or the transonic similarity parameter

based on local velocity. If the input logical variable PHYS = .T., the
local Mach number is calculated and set equal to EMACHl according to

EMACHL1(U) = [1 —(AK-—(’y-i-l)U)éz/stm]l/2 where m depends on the tran-
sonic scaling used (see Table 4-I). For PHYS = .F., fhe local transonic
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similarity parameter is computed and set equal to EMACHl; that is,
EMACHL(U) = AK - (y+1)U.

5.2.16 Subroutine EXTRAP.- Subroutine EXTRAP provides initial values
of ¢ for subsonic free-stream flows to subroutine GUESSP at mesh points

which lie outside the range of the previous mesh. The formulation is
based on the subsonic far-field solution for free air and for various
tunnel simulation boundaries (free jet, solid wall, ideal slotted wall,
ideal porous/perforated wall). For free air the formulation used is

1
r ~ « - L
o (x,¥) = - —2f1;f . tan~" </§Y>+ D 1 2 —~
2T/ K <x—§> + Ky?
and for tunnel wall boundaries
- r sin(nB,) -BE
o (x,y) = - —gﬁ [1 - sgn(n) + (1 -39y, —?—o— e ° ]
X~ $oo ©
+ —D—- [B + roos(aon)e ° ]
2KH
r [ ~ sin[n(r-8,)1 (m-B,)¢&
Sy - o _ff Iy __ _ 2 2
¢x(i’_12 =-Z |t @+ Vs T -8, < ]
o T (r-a,) €
+ == (l—B)Qlcos[('lr—al)n]e ]
2KH L
where
o1
2
& =
He/ K
n=Z
H

and the other parameters are defined according to the following table.
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B g o, Q, Q Q, J Bo By v, ¥
crceRN IS N N I B B IR I -
T el E R vl E] o]
pertorated 1 o | o, | o, 1 1 1 | o | e, | e 1
Slotted 0 * * * * * 1 * * *
o wer _ B U N B 2

*
No simplication possible for ideal slotted wall--must use formulas below.

cot o = Fa - 8 0L a <
(o] (o] - -

cot a, = <7

|
o]
Q
[

I
2
|
©
o
IN
Q

tan B_ = -FB_ + 0 0<B,< T
tan B, = -F(B, - ™ + 6 -3<B, <%
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5.2.17 Subroutine FARFLD.- Subroutine FARFLD computes the appropriate
boundary data for the outer boundaries of the computational mesh. In the

case of a supersonic free stream (K < 0.0), the upstream boundary conditions
correspond to uniform undisturbed flow, the downstream boundary is required
to be supersonic, and for the top and bottom boundaries the simple wave
solution is employed. 1In this case, the subroutine simply defines the
variable FHINV = 1/F¥H and returns.

For a subsonic free stream, the functional form of the potential on
the outer boundaries is prescribed and calculated. These forms represent
the asymptotic far-field behavior of the potential solution, and are given
by a concentrated unit strength doublet and vortex in free air or various
wind-tunnel environments, with the doublet and vortex located at =x = 0,5,
y = 0. For an ideal slotted wind tunnel (BCTYPE = 4), subroutines DROOTS
and VROOTS are called to compute the constants needed in the doublet and
vortex solutions; otherwise, the various constants are calculated within
the subroutine. We note that the actual boundary values for ¢ are set
in subroutines RECIRC and REDUB, where the functional forms determined

here are multiplied by the appropriate vortex and doublet strengths.

5.2.18 Subroutine FINDSK (ISTART,IEND,J,ISK).- Subroutine FINDSK

identifies the presence of a shock wave on a specified row (J) of the
computation mesh between x-points ISTART and IEND. Pairs of ¢, values
are checked along the row until the condition

PX (ISK,J) < SONVEL < PX(ISK-1,J)

is satisfied, where SONVEL is the sonic point streamwise perturbation
velocity. If such a pair is found, the subroutine is immediately exited
with that value of ISK. 1If no shock is found, ISK is set equal to -IEND

and the subroutine exited.

5.2.19 Subroutine FIXPLT.- Subroutine FIXPLT uses the airfoil surface

pressure distribution arrays CPL and CPU to set up the arrays XP, CPUP,
CPLO, and CPS for use in subroutine CPPLOT.
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5.2.20 Subroutine GUESSP.- Subroutine GUESSP initializes the small-

A TN Avrcva
ao 1LULLUWO,

A gtii ca botrential & I
alsturpance pocenciar ¢ array

‘PSTART = 1, ¢ 1is set to zero

PSTART = 2, ¢, X, and Y arrays are read from unit 7 in subroutine
READIN together with other flow information about the

old solution

PSTART = 3, the arrays from the previous case are already in o,
XOLD, YOLD

If PSTART = 2 or 3, the old ¢ array on the XOLD,YOLD mesh must be
interpolated onto the current X,Y mesh. A check is made to see if the
XOLD mesh is the same as the XIN mesh. If XIN and XOLD are the same mesh,
the ¢ array may be interpolatedby simple deletion of values at mesh
points which -have been deleted in subroutine CUTOUT. If the old and new
X meshes are not the same, then a simple linear interpolation is made
from the 0ld ¢'s providing that each new x-point lies within the range
of the old X mesh. If a new x-point lies outside the old X mesh,
then for a supersonic free stream ¢ is set to zero,while for a subsonic
free stream subroutine EXTRAP is called to extrapolate a new ¢ value

using the far-field solution.

The same steps are followed to interpolate ¢ in the y-direction
with the following slight difference. If the new y-point lies outside
the range of the old Y mesh, then ¢ is set equal to either ¢JMINO,i
if the new y value is less than the minimum old y value, or to
¢JMAXO,i
Only in the case of subsonic free air flow (K > 0., BCTYPE = 1) is sub-
routine EXTRAP called to extrapolate for ¢ using the far-field formula.

if the new y value is greater than the maximum old y value.

5.2.21 Subroutine INPERR(I).- Subroutine INPERR writes the appropriate

error message associated with an error in input and stops the program.

There are eight input error messages:

Error Number Message
1 IMAX or JMAX is greater than 100, not allowed
2 X mesh points not monotonic increasing
3 Y mesh points not monotonic increasing
4 Mach number not in permitted range (0.5,2.0)
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Error Number Message

5 Alpha not in permitted fange (-9.0,9.0)

6 Delta not in permitted range (0.0,1.0)

7 AK = 0, Value of AK must be input since PHYS = .F.
8

Mach number too close to 1, not allowed

5.2.22 Subroutine ISLIT (X).- For a given x-mesh array X, subroutine

ISLIT computes the I indices associated with the mesh points on the air-
foil surface (0. < x < 1.) at or just behind the leading edge (I = ILE)
and at or just ahead of the trailing edge (I = ITE).

5.2.23 Subroutine JSLIT(Y).~- For a given y-mesh array Y, subroutine

JSLIT computes the J indices associated with the rows of mesh points
immediately below (J = JLOW) and above (J = JUP) the airfoil (y = 0.).

5.2.24 Function LIFT (CLFACT).- The real function LIFT computes the

1ift coefficient from the jump in potential A¢ at the trailing edge. The

1ift coefficient is defined as
1
= - - - 2/3y~n -
Cp = f(cpu C, )dx = +287°M, f [(o) (¢x£)]dx
o

or, equivalent, from an integration by parts

CL = 2-CLFACT-A¢te

-n, . . .
where CLFACT (=62/3M°° ) is the appropriate transonic scaling factor for
the lift coefficient.

5.2.25 Subroutine MACHMP.- Subroutine MACHMP produces a print map of
the local Mach numbers, ‘rounded to the nearest 0.1, throughout the flow

field. The row of points immediately above the airfoil are designated
by (+), the row immediately below by (-), the leading edge by (L), and the

trailing edge by (T). Supersonic points are designated by an asterisk (¥).

5.2.26 Subroutine MILINE.- Subroutine MILINE determines the coordi-

nates where sonic velocity occurs and outputs them. Beginning with row

J = JMAX, pairs of ¢x values are checked along the row to determine

whether either of the two conditions
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PX(I,J) < SONVEL < PX(I -1,J)
PX(I,J) > SONVEL > PX(I -1,J)

is satisfied, where SONVEL is the streamwise perturbation velocity at a
sonic point. If either of these conditions are met, a linear interpolation
is made between X(I,J) and X(I -1,J), that computed =x-coordinate stored
temporarily in array XSONIC and permanently in array XSLPRT, and the y-
coordinate loaded into array YSLPRT. After each row is scanned, the
XSONIC array and the J index of the row are printed. When the row
immediately under the airfoil is reached, the heading "BODY LOCATION" is

printed if at least one sonic point has been found.

If more than 200 sonic points are found, a message to this effect is
printed and the subroutine is exited. After the entire grid has been
checked for sonic points and if at least one has been found, the subroutine
checks whether any of the sonic points lie on the outer boundaries. If
one does and if the case under study is either a subsonic free-stream
calculation or a free air (BCTYPE = 1) supersonic free-stream calculation,

the following message is printed out:

% % % % * CAUTION * * * % %

SONIC LINE HAS REACHED A BOUNDARY
THIS VIOLATES ASSUMPTIONS USED TO DERIVE BOUNDARY CONDITIONS
SOLUTION IS PROBABLY INVALID

Finally, the subroutine defines the boundaries and step increments
for the printer plot of the sonic line and passes these constants along
with the arrays XSLPRT and YSLPRT and the number NPTS of sonic points
into a call to the subroutine PLTSON, which plots the sonic line.

5.2.27 Subroutine NEWISK (ISKOLD,J,ISKNEW) .- Subroutine NEWISK
locates an updated x-position (I = ISKNEW) of the shock wave on a speci-

fied row J given an initial guess for the location (I = ISKOLD). The
subroutine searches the range ISKOLD -3 < I < ISKOLD +2 testing the
condition PX(ISKNEW -1,J) > SONVEL > PX (ISKNEW,J). If the condition

is met, the subroutine returns with the current value of ISKNEW. Otherwise,

with no shock being found, ISKNEW is set negative and the subroutine exited.

5.2.28 Function PITCH (CMFACT).- Function PITCH computes the airfoil

pitching moment (positive nose-up) about x = x v = 0. Pitching moment

m’
is defined as
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1

Ch = f (x —xm) (Cpu - sz) dx
o

or, equivalently

1
Cm = —2-CMFACT'(1-—Xm)-A¢te - jﬂA¢ dx
o
where CMFACT (= 62/3M;n) is the appropriate transonic scaling for the

moment coefficient. The subroutine uses the latter form for ¢ and
computes the second integral by trapezoidal rule integration through
subroutine TRAP. We note that the subroutine sets xp = 0.25, so that
the pitching moment is calculated about the quarter chord.

5.2.29 Subroutine PLTSON (X,Y,XAXMIN,XMAX,XINCR,YAXMIN,YMAX,YINCR,
NPTS) .- Subroutine PLTSON is a modified version of a printer plot routine

developed by M. S. Itzkowitz, May 1967. The subroutine provides a printer
plot of the sonic lines that are present in the flow field. The plot is
provided on a 51 X 101 point rectangular grid with -1.0 < y < 1.5 and
0.75 < x < 1.75, and uses 56 printer lines. The argument list is all

input and is defined as follows:

X array of x-ordinates to be plotted
Y array of vy-ordinates to be plotted
XAXMIN minimum x (left) grid boundary
XMAX maximum x (right) grid boundary
XINCR increment between x-grid marks
YAXMIN minimum vy (lower) grid boundary
YMAX maximum Yy (upper) grid boundary
YINCR increment between y-grid marks
NPTS dimension of (X,Y) arrays

If either of the incremental step sizes is zero, the program will
exit with no plot produced. The input arrays are not destroyed during

the calculation.

5.2.30 Subroutine PRBODY.- Subroutine PRBODY prints out the airfoil

geometrical characteristics. If logical variable PHYS = .T., all dimen-

sions are normalized by the airfoil chord; otherwise, all dimensions
except x are normalized by chord length times thickness ratio. Quanti-

ties printed are maximum thickness, volume of airfoil per unit span,
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maximum camber, and for each input x-mesh point along the airfoil, the
y-ordinates of the upper and lower surfaces of the airfoil, the thickness

distribution, and camberline.

5.2.31 Subroutine PRINT.- Subroutine PRINT is the main print control

of program output. The subroutine prints header information regarding:
(i) choice of printout in similarity on physical variables

(ii) definition of transonic scaling (Cole, Spreiter, Krupp, Or

user)

(iii) Dboundary condition type (free air, free jet, solid wall,

slotted wall, or porous wall)

(iv) choice of differencing (fully conservative or not conservative)
at shock

(v) choice of Kutta condition or 1lift specification

and also outputs the Mach number, thickness ratio, angle of attack, tran-
sonic similarity parameter, far-field doublet strength, airfoil volume
(per unit span), and the values of the transonic scaling parametérs used
for scaling the coefficients of pressure, lift, drag, and moment, the y-
coordinate, and the vertical velocity. The rest of the print output is
performed by calling the following subroutines: PRINTl, FIXPLT, PRTWAL,
MILINE, PRTFLD, and CDCOLE.

5.2.32 Subroutine PRINT1l.- Subroutine PRINT1 outputs the pressure

coefficient and local Mach number (or local similarity parameter if

PHYS = .F.) on the airfoil and dividing streamline (y = 0.+) at each x-
point of the current mesh, and also provides a printer plot of the pressure
coefficient along side the tabulated values. In addition, the y-coordinate
array Y 1is printed as well as the 1lift, moment, and sonic pressure
coefficients. Since PRINT1l is used to putput these quantities on each

grid (coarse, medium, and fine), a header is written to identify the

current grid. If the local Mach number exceeds 1.3, a warning messadge is
printed indicating that the predicted shock jumps may be in error. Also,

if a detached bow shock wave is between IMIN and IMIN + 1, a message is
printed indicating that the detached shock will lie upstream of the current
x mesh, the ABORT parameter set equal to true and the calculation terminated.
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5.2.33 Subroutine PRTFLD.- Subroutine PRTFLD outputs the pressure
coefficient, flow angle, and Mach number in the flow field. The number
of rows (J lines) printed is set by the user-input value of PRTFLO as

follows:

PRTFLO 1, no J lines are printed

PRTFLO

PRTFLO 3, three J lines around the row where the
maximum iteration error in ¢ occurs
(i.e., J = JERROR) are printed

= 2, all J 1lines are printed

I

5.2.34 Subroutine PRTMC.- Subroutine PRTMC produces a local flow

character map of the flow field by ascribing to each point in the input
mesh a letter designating whether the flow at that point is elliptic
(subsonic), parabolic (sonic), hyperbolic (supersonic), or shock (shock

point) according to the convention:
- Elliptic (Subsonic)
P Parabolic (Sonic)
H Hyperbolic (Supersonic)
S Shock Point (Shock)

5.2.35 Subroutine PRTSK (Z,ARG,L,NSHOCK,CDSK,LPRT1l).- Subroutine
PRTSK provides an inviscid wake profile for all of the shock waves con-

tained within the momentum contour used to calculate the drag. The wave
drag contribution CD(y) and total pressure loss Po(y)/P00 along each
shock wave is given as a function of the transonically scaled y-
coordinate. In addition, the total wave drag for each shock is also
provided. If a shock wave extends outside the contour, a message to that
effect is printed indicating that shock losses are not available for that

portion of the shock.

5.2.36 Subroutine PRTWAL.- Subroutine PRTWAL determines the pressure

coefficient and the flow angle on the wind-tunnel walls (y = + H) according
to the particular type of wall, prints that information, and also provides
a printer plot of the pressure distribution along side the tabulated
printout. Information regarding the wall type, tunnel half height, wall
porosity factor (if applicable), tunnel slot parameter (if applicable),

and critical pressure coefficient are also provided.

5.2.37 Function PX(I,J)}.- Function PX computes the streamwise pertur-

bation velocity ¢X at the point (I,J). Different differencing forms are

used depending whether the point is on the upstream or downstream boundaries
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or is an interior point. For the interior points, ¢x is given by
o - 1L o TE R T T Nl T
x -x X, — X.

x 2 , , .
i+ i i i-1

while on the upstream boundary (I = IMIN)

o = §_[¢j,i+l - ¢jji.]_ ;_[¢j,i+2 - ¢j,i+1]
X 2 X, - X, 2 X.- - X.

141 1 1+2 1+

and on the downstream boundary (I = IMAX)

o - ;[“’j,i " i ]_ ;[‘i’j,i-l - "’j,i-z]
X 2 X. = X 2 X, - X,

i i-1 i-1 i-2

5.2.38 Function PY (1I,J).- Function PY computes the vertical pertur—

bation velocity ¢y at the point (I,J). Different differencing formulas
are employed depending whether the point is on the upper or lower boun-
daries or on the rows immediately above or below the airfoil. 1In the
latter case, separate formulations are involved depending upon whether
the point is ahead, over or under, or behind the airfoil. For all of the

other points,

b = ;[fiﬂg S TE R T ‘bj—l,i]
2 . - . R .
Y Y41 - ¥j Yy~ Yy,

The exceptional cases are:
Lower Boundary (j = JBOT)
3 {®442,5 ~ %5 i]
0, =3 3 J.i| _
Y Yj+l - Y-

Upper Boundary (j = JTOP)

¢ = ; [¢jyi - ¢-.J—lai] -
Y Yj - Yj—l

N

[fj+z,i - Puia i
Yy42 7 Y44,

.?j—lﬁi _ ¢j—2|i
Yj—l - yj—z

[N
N

Row below airfoil (j = JLOW)
(a) Ahead

+

6 = ;_[¢Jup,i ~ Porow, i gr.ow,i ~ Pgrow-1,i
y 2 Ysup ~ YgLow Ysrow ~ YgLow-i
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(b) TUnder

¢>y=

(][

[(dFﬂ> —a + Porow,i ~ Parow-1,i
dax /i Ysrow ~ YgLow-i

(c) Behind

1 ¢JUP,i - APy - (DJLOW,i ¢JLOW,i B ¢JLOW—1,i
¢, =3 — + —
Y Youp ~ YoLow Yorow ~ YoLow-1

Row above airfoil (j = JUP)

(a) Ahead

_ ¢JLOWJi . ¢JUP+1,i "~ ¢JUP,i]
Ysup ~ YgLow Ysup+1 ~ Ygup

1 aFy, ®qup+1 i~ %gup, i
= 2\& /), -2t -
i Yyup+1 ~ Ygup

5 ;[(I’Jup,i - 8% - Parow, i N

¢J‘UP+1,i = Psup
v 2

Yyup ~ Ygrow Yyup+1 ~ Ygup

5.2.39 Subroutine READIN.—- All user-option input to the program is

read in subroutine READIN. The subroutine first calculates and prints the
elapsed time in seconds that the previous case took to run, or for the
first case sets the start time. Next, a check is made to determine if any
test cases are left. If there are and if the user has opted to use the
previous result for ¢ as a first guess for the current case (PSTART = 3),
then a test is made to determine if the ¢ array in core from the previous
case is usable (i.e., if the previous calculation was not aborted). Next,
if the default grids for either subsonic free air (XKRUPP,YFREE) or tunnel
(XKRUPP,YTUN), or the analytic default mesh (AYMESH = TRUE) are to be used,
the subroutine loads those grids into the XIN, YIN arrays and then prints
out all of the user-option input parameters, including those having default
values. A check is then made to insure that the input mesh does not

exceed 100 points in either direction and that the mesh ordinates are
monotonic increasing. Next, checks are made on M_, a, and & to insure

they are within the permitted range, and then the indices of the leading
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(I = ILE) and trailing (I = ITE) edges and the rows immediately above

(F = JUP) and below (J = JLOW) the airfoil are determined. Subroutine
CKMESH is then called to insure that certain grid areas have an appropriate
(odd or even) number of points. If the case underway is a tunnel simulation
calculation, the bounds of the grid are checked and adjusted if necessary.
Finally, if the initial guess for the ¢ array is to be read from unit 7
(PSTART = 2), the necessary input from that calculation is read and then

printed.

5.2.40 Subroutine RECIRC.-~ Subroutine RECIRC computes the jump in

¢ at the trailing edge, A¢te, the updated far-field circulation, P?;l,
and the jump in ¢, A¢(x), along the slit y = 0., x > 1., according to
the following formulas.
For KUTTA = .T.,
o+ - %sup,11E Youp+: ~ Pgup+i, 1T Youp
AMie = Pte ~ Pre T v -y
JUP+1 JUP
_ ®orow-1,11E Yarow ~ Povow, 1TE"Yanow-1
Yorow ~ YgLow-a
n+1 n
Tee = (Lo -—op) -Tee + w00,
_ x =1 n+l
AP (x) = hdy + 3 =7 (Ter A¢te)
max
where wp is the relaxation factor for circulation, while for KUTTA = .F.,
_ CLSET
DPre = T2
_ CLSET
I1ff - 2
CLSET
AP (x) = =5

where CLSET is the specified lift coefficient.

5.2.41 Subroutine REDUB.- Subroutine REDUB computes the far-field
doublet strength. For lifting free air flows (BCTYPE = 1 and ABS (CIRCFF)
> 10_4), the doublet strength is set equal to the model volume. For other

2 .
flows the nonlinear contribution (DBLSUM = ((y-fl)/4)°_ﬂ[¢xdx:dy) is added
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+o the volume. The double integral is computed by considering ¢X to be

centered midway between mesh points; that is,

IMAX y

JMAX
Y+ 1 2
DBLSUM Z § : AXi41 /2 f (D) 544 2%
i=IMIN N
so that
IMAX v
JMAX
ppLsum = Y31 E —1—f (b, .. - ¢, .)2ay
X, - X, j,i+1 j,i
i=IMIN T2 R

and the y-integration is performed using a modified trapezoidal rule.

We note that the doublet strength is required only for M _< 1l. For
subsonic free air lifting flows, the doublet integral DBLSUM is not con-

vergent since ¢ ~ T £ tan~t (y/x); in this case, a more complicated

£
integral applies (see Krupp, ref. 3). This program neglects that contri-
bution, and while this procedure introduces an error, numerical experimen-

tation has shown it not to be significant.

5.2.42 Subroutine REFINE.- Subroutine REFINE doubles the number of

mesh points in both the x- and y-meshes by inserting new mesh points
halfway between the old mesh points. The subroutine also linearly inter-
polates the ¢ array to the new points, determines the new (I,J) indices
of the leading (ILE) and trailing (ITE) edges, and the rows immediately
above (JUP) and below (JLOW) the airfoil by calls to subroutines ISLIT
and JSLIT, respectively, and uses a linear extrapolation to calculate

¢ on the new JLOW and JUP rows.

5.2.43 Subroutine RESET.- Subroutine RESET updates the far-field

boundary conditions for subsonic free-—-stream flows. The potential ¢ is
recalculated on the upstream (IMIN) and downstream (IMAX) boundaries for
both free air or wind-tunnel simulations. The update is accomplished at
the end of each iteration sweep through the flow field. For free air flows
(BCTYPE = 1), new boundary values are also calculated on the top (JMAX)

and bottom-(JMIN) boundaries; while for wind-tunnel simulations, this

calculation is omitted.

5.2.44 Subroutine SAVEP.- Subroutine SAVEP automatically stores

restart data from the currently completed calculation in an "old data"
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block. The subroutine first rescales the parameters back into the input
format and then stores the following parameters and arrays: TITLE(I),

IMIN, JMIN, IMAX, JMAX, CL, EMACH, ALPHA, DELTA, VOL, DUB, X(I), and YIN(J).
If the user has opted to save the restart block (PSAVE = .T.), then the

subroutine also writes the above information on Tape 3.

5.2.45 Subroutine SCALE.- Subroutine SCALE scales physical variables
that are required for program computation. The option to scale or not is
controlled by the logical input variable PHYS. For PHYS = .T., all input

and output quantities are in physical units normalized by free-stream
values and airfoil chord, and SCALE reduces them to transonic variables

according to the following convention:

SIMDEF = 1, Cole scaling
SIMDEF = 2, Spreiter scaling
SIMDEF = 3, Krupp scaling
SIMDEF = 4, User-option scaling; if this option is used,
the definition of local Mach number must also
be adjusted in EMACH1
For PHYS = .F., input is already in scaled variables and no further

scaling is done. In this case, the user must input the value of the
transonic similarity parameter AK = (1 - Mi)/Miméz/s where the exponent

m 1is now user-specified.

Subroutine SCALE then checks to determine that AK has an appropriate
value for the case being considered, computes the square root of AK (RTK) ,
the sonic velocity (SONVEL), and the critical pressure coefficient (CPSTAR)

and then exits.

5.2.46 Subroutine SETBC.- Subroutine SETBC sets the limits on the

range of the I and J indices for solution of the difference equations

according to the following schedule:
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M <1
BCTYPE 1UP TDOWN JTOP JBOT
1 IMIN+1 IMAX-1 JMAX~-1 JMIN+1
2 IMIN+1 IMAX~-1 JMAX JMIN
3 IMIN+1 IMAX-1 JMAX~1 JIMIN+1
4 IMIN+1 IMAX-1 JMAX JMIN
5(POR < 1.5) IMIN+1 IMAX-1 JMAX JTMIN
5(POR > 1.5) IMIN+1 IMAX-1 JMAX~-1 JMIN+1
M_> 1
BCTYPE TUP IDOWN JTOP JBOT
1 TMIN+2 IMAX JMAXMﬁ? _W_EMIN o
2 IMIN+2 IMAX JMAX JMIN
3 IMIN+2 IMAX JMAX-1 JMIN+1
4 IMIN+2 IMAX JMAX JMIN
5(POR < 1.5) IMIN+2 IMAX JMAX JMIN
5(POR > 1.5) IMIN+2 IMAX JMAX~-1 JMIN+1

The subroutine alsoc computes the body slope boundary conditions at the
current x-mesh points on the body, multiplies them by the appropriate
mesh spacing constants and stores them into arrays FXUBC(J), FXLBC(I) for
use in solving the finite-difference equations at points on the rows .

immediately above and below the airfoil

5.2.47
the integral [y dx by using Simpson's rule integration.

Subroutine SIMP (R,X,Y,N,IER).- Subroutine SIMP calculates

The subroutine

argument list is defined as follows:

R resultant value of the integral
X vector array of x points
Y vector array of y values
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N length of vector arrays (X,Y)
IER error control index; equal to 1 for satisfactory result;
equal to 2 when only one point is in the interval (N = 1);

equal to 4 when X array not monotonic

Equal point spacing is not required and the number of points N can be
either odd or even. In the latter case, a polynomial fit through the
first three points is used and an analytical integration performed from

X (1) to X(2) in order to obtain an odd number of points for the remaining
interval, X(2) to X(N).

5.2.48 Subroutine SOLVE.- Subroutine SOLVE controls the sequence of

calculations involved in the finite-difference solution for ¢. The

potential is calculated by using a successive line over-relaxation (SLOR)
algorithm and sweeping the flow field from upstream to downstream limits
one column at a time. At the start of each sweep, subroutine RECIRC is
called to compute the jump in potential at the trailing edge, the circu-
lation for the far-field boundary, and the jump in potential along the
slit yv = 0, x > 1. Next, subroutine SYOR is called to compute a new value
of the potential at all the grid points. For subsonic flows, after the
program has completed an iteration sweep, and if the current calculation
is a free air case, the potential is updated throughout the flow field by
adding the increment in potential due to the change in circulation
multiplied by the far-field vortex behavior. Then subroutine REDUB is
called (but only at every NDUBtD iteration sweep) to recompute the far-
field doublet strength, and then subroutine RESET is called (at each
iteration) to update the far-field boundary conditions. At every 1pRTERTD
iteration, the iteration count (ITERATION), 1lift coefficient (CL), moment
coefficient (CM), I and J locations (IERR,JERR) where the maximum iteration
error in ¢ occurs, the absolute magnitude of the maximum iteration error
in ¢ (ERROR), the I and J locations (IRL,JRL) of the maximum residual,
the absolute magnitude of the maximum residual (BIGRL), the absolute
magnitude of the iteration error in circulation (ERCIRC), the I location
(ICPU) of the point on the airfoil where the maximum iteration error in
upper surface pressure coefficient occurs, the absolute magnitude of the
maximum iteration error in upper surface pressure coefficient (CPERRU),
and the corresponding results (ICPL,CPERRL) for the maximum iteration
error in surface pressure coefficient., The results are then checked for
convergence of potential. If the test is met, the message "SOLUTION
CONVERGED" is printed and the subroutine exited. If the convergence
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criteria is not met, a divergence test on ¢ 1is performed. If the
maximum iteration error in ¢ has become greater than the divergence
control (DVERGE), the error message "SOLUTION DIVERGED" is printed and
the calculation aborted. If the solution has neither converged nor

‘ diverged, the iteration sweeps are continued up to the limit, MAXIT, at
which point the message "ITERATION LIMIT REACHED" is printed and the

subroutine exited.

5.2.49 Subroutine SPINl (X,Y,N).~- Subroutine SPIN1l is a cubic spline

interpolation subroutine which determines both the ordinate and slope of
a function using a cubic spline fit. The argument list consists of a
table of (X,Y) ordinates and is defined as follows:

X array of independent variable
Y array of dependent variable
N dimension of (X,Y) arrays

There are two entry points to this subroutine. A call to SPIN1 initializes
the cubic spline coefficient arrays, while a call to SPLN1X will determine
the spline-fit ordinate (YP) and slope (DYP) at the specified point XP.

We note that XP,YP, and DXP are passed through a name common block (SPLN)

rather than an argument list.

To use SPINl it is necessary to specify a derivative of Y at the
end points X(1),X(N). Either the first or second derivative at these
points may be given. Control for this option is through the parameters

(K1,K2) according to the following:

Kl =1, Dyl = first derivative of Y at X(1)

Kl = 2, DYl = second derivative of Y at X (1)
K2 = 1, Dy2 = first derivative of Y at X(N)
K2 = 2, DY2 = second derivative of Y at X(N)

values for (K1,K2,DY1,DY2) must be specified prior to the call to SPINL.

5.2.50 Subroutine SYOR.- Subroutine SYOR determinesg the potential o
at the interior grid points throught the flow field; that is, JBOT < J <

JTOP, IUP < I < IDOWN. This is accomplished by solving the tridiagonal
matrix equation ACi = £, where Ei represents the correction potential
and the N dimensional column vector (with N = JTOP - JBOT + 1) defined

by
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CsBoOT, 1

nl
il

Carop, i

and where A is an NXN dimensional, diagonally-dominant, tridiagonal

matrix, and fi is an N dimensional column vector.

The following solution sequence is repeated for each x-station from
IUP to IDOWN. The coefficient l/(xi - Xi—1)2 of the ¢xt term is
calculated. Then the array ch representing the coefficient of ¢xx
in the partial differential equation; that is, (K - (y + l)¢x)/2Ax, is
computed at each J station. Next, the arrays representing the diagonal
(DIAGj), subdiagonal (SUBj), and superdiagonal (SUPj) elements of the
tridiagonal matrix A are determined, where account is taken in calculating
DIAGj of whether VCj is greater or less than zero. The array RHS which
is equal to the negative of the residual (—Rij), and which represents the
right-hand side fi of the matrix equation is then computed. If the
iteration sweep in x has proceeded to the airfoil; that is, ILE £ I £
ITE, the DIAGj, SUBj, SUPj, and RHSj arrays are modified at the points
immediately below (j = JLOW) and above (j = JUP) the x axis to account
for the airfoil boundary condition. A similar procedure is used at
(J = JLOW,JUP) at locations behind the trailing edge to account for the
Kutta condition jump in potential along the cut extending from the trailing
edge to the downstream boundary. Next subroutine BCEND is called to
modify the diagonal (DIAGj) and right-hand-side (RHSj) arrays to account for
the appropriate boundary conditions at JBOT and JTOP. The current column
'Rij’max = RHSj] is
contained within it. If it is, that value (BIGRL) and the I,J) locations

is then scanned to see whether the maximum residual

(IRL,JRL) are stored. Finally, modifications are made to DIAGj and RHSj

to add the ¢ At ¢Xt/Ax term according to

DIAGy = DIAG, ~ rr——p——y»
i i-31
(n+1) _ . (n)
<¢ j s i-1 ¢j s i—:L)
RHS. = RHS. - €
J J (x, - x, )2
1 i-1
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The tridiagonal matrix equation A Ei = fi is then solved by using
the method of triangular decomposition. The NXN dimensional, tridiagonal
matrix A 1is factored into the product A = LU, where I, 1s a lower
triangular matrix containing only subdiagonal and diagonal elements and
U is a special upper triangular matrix containing only superdiagonal
elements and unit diagonal elements. Thus, the original equation

AC., =L UC. = £,
1 1 1

is factored into two equations

The latter equation is solved first for 2Z and then the former equation
is solved for Ei by back-substitution.

Finally, the new potential is computed by adding the correction to
the old potential, and the correction potential Ei vector is scanned to
determine whether the maximum correction is contained within it. If it is,
that value (ERROR) and the (I,J) location (IERROR, JERROR) are stored for
output.

5.2.51 Subroutine TRAP (X,Y¥,N,SUM).- Subroutine TRAP performs an
integration of the vector array Y with respect to the ordinates in the

vector array X by using the trapezoidal rule. Here, N 1is the length
of the X,Y arrays and SUM is the resultant integral, The formula used

is

T
=

1
SUM = 3 (%0 X)) Yy, +yy)

-
Il
=

5.2.52 Main program TSFOIL (INPUT, QUTPUT, TAPE5 = INPUT, TAPE6 =
OUTPUT, TAPE3, TAPE7).- TSFOIL is the main program. No calculations are

performed within this routine, which acts only to call the necessary
subroutines to read input, perform the required calculations, and print
the output. Two tests are made within the routine that determine:

(1) when the final computation mesh has been reached; and (2) whether

the current calculation has been aborted. If either of these tests are
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positive, the program prints the final output for the current case,
resets the mesh parameters back to those for the input mesh, terminates
the current calculation, and goes on to read the input for the following

case.
5.2.53 Subroutine VROOTS.- Subroutine VROOTS computes the constants

BETAO, BETAl, BETA2, PSIO, PSI1l, and PSI2 which are required for the sub-
sonic far-field vortex in an ideal slotted wind tunnel (BCTYPE = 4). The

BETA's are computed in an iterative fashion as follows:

BETAO™ = tan™? [—F.BET.Aon'l + 1:5-]
P
BETA1® = tan™? [—F-(BET.Aln'l + T+ i:E]
P
BETA2™ = tan™? [—Fo(BETAzn'l -7 + %:5]
P

where F 1is the tunnel slot parameter, K the transonic similarity param-
eter, and P the transonically scaled wall porosity factor. One hundred

iterations are allowed for convergence with the error criteria

|BETA” - BETA" ™| < 1077

If any BETA fails to converge within 100 iterations, an error message is
printed and the program stops. If all three BETA's converge, then the

PSI's are computed as follows:

F
1 + tanZ® (BETAO)

PSI0O = 1 +

with analogous formulas for PSI1 and PSI2.
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APPENDIX

LISTING OF COMPUTER PROGRAM TSFOIL

PROGRAM TSFOILCINPUT, OUTPUT, TAPES = INPUT, TAPE6=DUTPUT s TAPE3 s TAPET) 1SFOIL

COrt i d R e b st st R 4R F R a e SR ARk SRR kR RPN PA RSP RRE AR R SR G PPN TSFOIL

¢ TSFaIL

¢ HAIN PROGRAM FOR TSFOLL TSFOIL

¢ PROGRAM COMPUTES TRANSONIC FLOW PAST A TWOD IMENSIONAL TSFOIL

¢ LIFTING ALRFOIL USING 'TRANSONIC SMALL DISTURBANGE THEORY o

¢ TSFOIL

c PROGRAH WRITTEN BY TSEQIL

C EARLL Mo MURMAN AND FRANK Ro BALLEY TSFOIL

C NASA-AMES RESEARCH CENTER TSEQLL

3 AND VSF3IL

¢ MARGARET Lo JOHNSON TSEOIL

¢ COMPUTER SCIENCES CORPORATION TSFOIL

¢ DOCUMENTED BY e

c STEPMEN S STAHARA TSFOILL

¢ NIELSEN ENGINEERLNG AND RESEARCH» INCo TSEAIL

CHretesdbddbbrraia b ds s s ot atn it duadndp kbR bR Rk kAR R A SNSRI RR bR e R k¥ &k TSFOIL
LoGICAL ABORT CoM3
COMMON / COM3/ LREF » ABORT  , ICUT  » KSTEP Com3

TSFOIL

¢ WRITE HEADER PAGE [NFORMATLON Tseall

3 TSFOIL

WRITE (651C00) TSEOIL

WRITE (&41001) T5FOIL

WEITE (651002) TSFOIL

WRITS (651€03) TSEOIL

WRITE (86,1002 TSFOIL

WRIT! (651004) TSFOIL

WRITE (652002) TSFOIL

WRITE (651005) TSFOIL

WRITS (6,1002) TSFOIL

WRITE (€, 1006) TSFOIL

WRITE(6,1002) TSFAlL

WRITE (651007} TSFOIL

WRITELE, 1062) TSFOIL

WRITE (651001 TSEOIL

16u0 FORKATULHLZ 77707 00001400141) TSFOIL

1001 FORKATL24X56911H#)) TSFOLL

1002 FORMAT( 24X, LHe) 67X, 1%} TSFOIL

1603 FORMAT(24X,1H%,25K,15H PROGRAN TSEOIL»27XsL1H*/ TSEOIL

1 24Xs1H€,29%, TH SOLVESs31X, 1H#7 TSFOIL

2 24Xs1d%, 5X,56H INVISCID FLOW PAST THIN TWO DIMENSIONAL LIFTING TSFOIL

IATRFOLL 6, 1H¥7 TSFOIL

4 24X,1H0,29%s 6H USINGs32X,1H#/ TSFOIL

5 24X,1H%,15X,35H TRANSONIC SMALL DISTURBANCE THEORY,1TX,1H%/ TSFOIL

6 24Xs1Ht, 9X,4TH FULLY CONSERVATIVE FINITE DIFFERENCE EQUATLONS» TSFOIL

7 11K 1He. TSFOIL

R 28X,1r%,17X,31H SUCCESSIVE LINE OVERRELAXATION,19% 1H%) TSFAIL

1004 FORMAT(24X, 1H¥,27Xs LIH wRITTEN BY,29K,1H¥) TSFOIL

10C5 FORMAT(24XLH#,15X; 36H EARLL M. PURMAN AND FRANK Re BAILEY»16Ks1H¥ TSFOIL

1 24X» LH¥, 19Ky 26H NASA=AMES RESEARCH CENTER»22Ks LHE/ TSFOIL

2 24%5 1H#» 19X, 26H HOFFETT FIELD, CALIFORNIA,223%s1He/ TSFOIL

3 24X5 IH8531Xs 4H ANDy32K,1H*/ TSFOIL

4 24X, LH,23X, 200 MARGARET Lo JOHNSON, 24X5 HE/ TSEOIL

5 24X, 1H*,1BX,30H COMPUTER SCIENCES CORPURATLON,19X,1He/ TSEOIL

6 26X, 1H#520%s 2611 HOUNTAIN VIEW, CALIFORNIA,21Ks1H%1 TSFA1L

1CC6 FORMAT(24X, LH¥,25X, 14H DOCUMENTED BYs 28X, 1He) TSFOIL

10CT FORMAT{24X, 1H#,23K, 19H STEPHEN S. STAHARA25Xs LHE/ TSFoIL

1 26X, 1H&, 16X,39H NLELSEN ENGINEERING AND RZSEARCHs INCesleXyLHE/ TSEOIL

2 24X, 1H%)20Xs26H HOUNTAIN VIEWs CALIFORNIAs2LKsLH%) TSEOIL

c TSFOIL

© THE HAIN PROGRAM DOES ND COMPUTATIONS TSFOIL

¢ ALL COMPUTATIONS ARE DOME IN SUBROUTINES CALLED BY TSFOIL

¢ TSFoIL. TSEOIC

C SUBROUTINE ECHINP PROVIDES A LISTING OF ALL DATA TSFOIL

B CARDS FOR ENTIRE JOB. TSFOIL

CALL ECHINP TSFOIL

© SUBROUTINE READIN READS ALL INPUT AND CHECKS IT TSFOIL

1 CONTINUE TSFOIL

. CALL READIN TSEOIL

¢ TSFQIL

¢ SUBROUTINE SCALE RESCALES ALL PHYSICAL VARIABLES (O TSFOIL

¢ TRANSONIC SIMILARITY FORM TSFOIL

CALL SCALE TSFOIL

c TSFOIL

¢ SUBROUTINE FARFLD SETS FAR FIELO BOUNDARY CONDITIONS. TSFOIL

CALL FARFLD TSEQIL

¢ TSFOLL

¢ SUBROUTINE BODY CONPUTES AIRFOLL GEGMETRY AND PRINTS TSE0ILL

< OUT GEOMETRICAL INFORMATION TSFOLL

CALL BODY TSFOLL

¢ o TSFOLL

¢ SUBROUTINE CUTOUT REMOVES WESH POINTS FROA THE TNBUT TSFOIL

¢ MESH, CALCULATIONS ARE DONE FIRST UN CUARSE HESH» TSFOIL

[

oo

P2Xs) aXakalats) co en 0 o0 ArOAN 006 PanOn 0o

oo

coo

AND THER ON PROGRESSIVELY REFINED MESHES UNTIL
INPUT MESH IS ACHIEVED.
CALL CUTQUT

SUBROUTINE GUESSP INITIALIZES P ARRAY
CALL GUESSP

SUBROUTINE DIFCOE CALCULATES FINITE DIFFERENCE
EQUATION COEFFICIENTS WwHICH DEPEND ON MESH SIZEs
CALL DIFCOE

SUBROUTINE SETBC ADJUSTS THE AIRFJIL SLOPE BOUNDARY
CONDITION FOR THE CURRENT X Y MESHe ALSO, THE LIMITS
ON I AND J INDICIES FOR SOLVING THE DIFFERENCE
EQUATIONS ARE SET,

CALL SETBC

SUBROUTINE SOLVE EXECUTES THE MAIN RELAXATION
SOLUTION OF THE DIFFERENCE EQUATIONS
CALL SOLVE

IF FINAL HESH HAS BEEN REACHED, RESULTS ARE PRINTED
OUT IN FINAL FORM, IF NOTs INTERMZDIATE RESULTS
ARE PRINTED OUT AND THE MESH IS REFINED. THE ABDVE
SEQUENCE OF CALCULATIONS ARE THEN REPEATED

IFCIREF +LEe 0) GO TC 5

IF (ABORT) GO TO 5

SUBROUTINE PRINTL PRINTS ODUT BODY PRESSURE

ODISTRIBUTION,
CALL PKINT1

SUBROUTINE REFINE ADDS MESH POINTS
CALL REFINE

REPEAT SEQUENCE OF RELAXATION CALCULATIGNS
CALL DIFCOE
CALL SETBC
CALL SOLVE

IF FINAL MESH HAS BEEN REACHED, RESULTS ARE PRINTED
OUT IN FINAL FORMe IF NOT» INTERHMEDIATE RESULTS
ARE PRINTED OUT AND THE MESH IS REFINEDe THE ABOVE
SZQUENCE OF CALCULATIONS ARE THEN REPEATED

IF(IREF oLEe O) GO TD 5

IF (ABORT) GO TO S

CALL PRINT1

CALL REFINE

CALL DIFCOE

CALL SETBC
CALL SOLVE
RELAXATION SOLUTLION IS COMPLETED
CONTIRUE
PRINTUUT FINAL INFORMATION
CALL PRINT

IF (IREF oGTe 0 ) CALL REFINE
IF CIREF #G¥s O ) CALL REFINE

STORE SOLUTION FOR NEXT CASE OR ON TAPE 3

CALL SAVEP
RETURN TO READIN TO COMPUTE NEXT CASE OR TERMINATE
CALCULATIONS.

60 T0 1

END

SUBROUTINE ANGLE
COMPUTES THETA AT EVERY MESH POINT.
CALLED BY = FARFLD.

COMMON / COM1/ IMIN » LHAX » IUP » I00WN s ILE »
ITE » JHIN » JHAX s JUP » JLOW »

2 J4T0P » J80OT

COMHON # CDM2/ AK s ALPHA , DUB » GAML » RTK

LOGICAL AMESH

COHNON /7 COM4/ XINC1QO0) » YIN(100}» AHESH

COMMON /COM12/ F » H » HALFPL , PI » RTKPOR »

1 TWaPl

TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSEOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFGIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
TSFOIL
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REAL JET

CIJHHIJN /COMLS/ ALPﬂAO s ALPHAL , ALPHAZ 5 XSING
QMEGAD » OMEGAL , OMEGA2 ,» JET

COHHGN 1C0M33/ THETA(IOO:lOD)

SUBROUTINE TO COMPUTE THE ANGLE THETA AT
EACH MESH POINT.

R2PI = 140 /7 TWOPI
DU 20 I=IMINsIMAX
XK » XIN(L) = XSING
00 10 J=JMINsJMAX
YY = YIN(J) * RTK
R = SQRT(YIN{J)*#2 + XX4XX)
ATN = ATANZ{YY»XX)
Q = PI = SIGN{PI,YY)
THETA(J,E) = ={ATN ¢ Q) * R2PI
IF ( R oLEs 140 ) THETA(J»I) = THETALJ,I) # R
10 CONTINUE
20 CONTINUE
RETURN
END

FUNCTION ARF (X)

EVALUATES ERF WITH AN ERROR oLTe le3E=7 BY RATIONAL
APPROXIMATION 7+1426 OF HANDEOOK OF MATH. FUNCTIONS
Ue So DEPT. OF COMMERCE« NBS APPL MATH SER 55,
CALLED BY ~ AYMESH.

DIMENSION CU5})
DATA € 714061405429,~14453152027510421413741s =4284496736,
1 254829592/

Y =X
IF € X oLTe Q00 )} ¥ = =Y
IF { ¥ «LTe 10s ) 6O TO 10
ARF = 1.0
G0 TO 30
10 CDNTINUE .
® 1,0 /7 (1.0 + 43275911%Y)

’5

POLY = (POLY # C(I)) * T
23 CONTINUE

ARF = 140 = POLY #* EXP(~Y*Y}
30 CONTINUE

IF (X oLTe 0eQ} ARF = =ARF

PETURN

END

SUBROUTINE AYHESH
COMPUTES ANALYTICAL X AND Y MESH POINTS.
CALLED BY = READIN.

COMMON /7 COMLZ IMIN » IHAX » LUP » LDOWN , ILE

1 1TE » JHIN » JMAX » Jup s JLOW
2 JT0P » JdBOT

LOGICAL AMESH

COMMON 7 COM4/ XIN(10Q) , YIN(100), AMESH

INTEGER PSTART

LOGICAL PSAVE

COMMON /COM11/ ALPHAD  , CLOLD . , DELTAD , DUBD » EMACHO
1 IMIND » IMAXD  , IMAXI » JUIND  , JHAXO
2 JHAX T s PSAVE , PSTART , TITLE(8), TITLEO(B),
3 voLo » XCILDlll)O) YIJLDU.OO)

COMMON 7COML2/ F » » HALFPI » PI » RTKPOR
1 TWOPL

INTEGER BCTYPE

COMMON /COn2s/ BCTYPE » CIRCFF » FHINV  » POR » CIRCTE

COMMON /COM30/ BXH(401) , REST(3)
DIMENSION XHU401) » BX(100}

»
’

COMle 2
COMl6 3
COMl6 4
CoM33 2
ANGLE 1
ANGLE 12
ANGLE 13
ANGLE 14
ANGLE 15
ANGLE 16
ANGLE 17
ANGLE 18
ANGLE 19
ANGLE 20
ANGLE 21
ANGLE 22
ANGLE 23
ANGLE 24
ANGLE 25
ANGLE 26
ANGLE 27
ANGLE 28
ARF 2
ARF 3
ARF 4
ARF 5
ARF 6
ARF 7
ARF 8
ARF 9
ARF 10
ARF i1
ARF 12
ARF 13
ARF 14
ARE 15
ARF 16
ARF 17
ARF 16
ARF 19
ARF 20
ARF 21
ARF 22
ARF 23
ARF 24
ARF 25
ARF 26
ARF 27
ARF 28
AYMESH 2
AYMESH 3
AYMESH 4
coml 2
COHl 3
CoM1 4
Cone 2
COns 3
COML1 2
comM1l 3
CoMLl 4
CoMil 5
camll 6
coMl1l 7
CON12 2
CoM12 3
coM28 [4
coM28 3
AYMESH 10
AYMESH 11
AYHESH 12

oo

10

2

o

3

o

3

-

3

~

3

w

3

-

4

o

&

N

4

w

DATA AQ/4225/5 AL/labis A2/Le6/y A3/e61887s AG/oT5ls A5/304/s
A6/ 46037y AT/2

1 «0/
DATA CT1/240/5 TT2/240/s CT3/140/7» CF1/14075 CF2/7140/s CF3/5.2/

INAXI=81

JHAXT=64

INA = (IMAXI =1} / 2

A22 = A2 % A2

AT2 = A7 » a7

FACT = HALFPI * ,005

DG 10 I=201,401

EX = TAN(FACT ¥ (I=201}
XH{I) = EX

Ex2 « EX ¢ EX

BXH(I) = A1 * EX % EXP(=A22¢EX2) + {leO=EXP(=AT729EX2})*ARF(AL*EX)
CONTINUE

00 20 I=1,200

XH{I) = = xd(ed2~I)

BXH(I} = ~BXH(402=1)

CONTINUE

TOOPI = 2.0 / PI

ADD 2/PI ATAN(AK(X+A6}) TO BXH TO GIVE MORE
POINTS NEAR THE LEADING EDGE.

08 30 Is1,401
BXH{I) = BXH{I) * (1e=AQ)} # TOOPI®AO®ATAR(AS*(XH{I)#AE))
CONTINUE

124 ® 1,0 7/ IHA
INZ = IMa * 2
IH2P1e IH2 + 1

00 42 I=1,IM2PL

IF (I «EQe 1 oORe I oEGe IN2P1) GO TO 31
BX{I) = (I~1) # DX = 1.0

60 70 32

CONTINUE

IF (I «€Qe 1) BX{I) = =.,999

IF (1 «EQe IN2PL) BX{(I) = o999

CONTINUE

J =0

CONTINUE

4 e J+l

IF (BX{1) «GTs BXH{J)) GO TO 33
IF {BX(I) oLT. 8XH{J)) GO TO 34
® XH{J)

GU T0 40

=

CONTINUE

BTL = 8X{(I} = BXH(J=1)
BHT1 = BXH{J) = BXH(J=1}
XHT1 = XH(J) = ZH{J=1)
Tl = XHTl 7 BHT1

X1 ® XH{J=1} ¢ BTl * T1
IF (J «EQs 2) GO TO 40

BTZ = BX(I) = BXH(J)
BHTZ2 = BXH(J) = 8XH(J=2)
BHT3 = BXH{J-1} = BXH(J=2)
XHTZ ® XH{J=1) = XH{J=2)
T2 = XHTZ 7 BHT3

T2 =Tl -T2

8T12 = BT} #« BT2

TBTZ = T12 / BHT2

X1 = XI 4+ BT12 * TBT2
IF tJ «GEe 400) GG TO 40

873 = 8X(I) = BXH(4=2)
BHT4 = BXH(J+l) = BXH{J=2}

BHTS = BXH{J¢1l) = BXHUJ}
BHT6 = BXH(J+1l) = BXH{J-1)
XHT3 = XH{J+1) = XH{J)
T3 = XHT3 / BHT5

XI = XI ¢ 8T12 * BT3/8HT4 & ((T3~T1)/BHT6 = TBT2)
CONTINUE

XINUI) = XI + A3
CONTINUE

CALL ISLIT{(XIN)
XEACTaL.0/XINLITE)
D0 43 I=1,1MAXI
XINC)»XINCIY*XFACT
CONTINUE
XIN{ITEI=1.0

IMAKL = IH2P1

JH2 = JRAXL

AYNESH
AYMESH
AYNESH
AYMESH
AYMESH
AYMESH
AYHESH
AYHESH
AYHESH
AYMESH
AYHESH
AYMESH
AYHESH
AYMESH
ATHESH
AYHESH
AYHESH
AYMESH
AYHESH
AYHESH
AYHESH
AYMESH
AYHESH
AYHESH
AYHESH
AYMESH
AYHESH
AYHE SH
AYHESH
AYNESH
AYHESH
AYHESH
AYMESH
AYMESH
AYNESH
AYHESH
AYHESH
AYMESH
AYMESH
AYNESH
AYHESH
AYNESH
AYMESH
AYNESH
AYHESH
AYNESH
AYHESH
AYMESH
AYHESH
AYMESH
AYNESH
AYHESH
AYHESH
AYHESH
AYMESH
AYHESH
AYHESH
AYHESH
AYNE SH
AYHESH
AYMESH
AYMESH
AYHESH
AYHESH
AYMESH
AYHESH
AYHESH
AYHESH
AYHESH
AYMESH
AYMESH
AYMESH
AYMESH
AYNESH
AYMESH
AYHESH
AYMESH
AYNESH
AYHESH
AYNESH
AYRESH
AYHESH
AYMESH
AYMESH
AVHESH
AYNESH
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IHA = M2 1 2
FJ = JMA
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IF (BCTYPE JNEo. 1) GO TO 44
CF1

cl -
c2 = CF2
c3 = CF3
GO TO 45
4% CONTINUVE
1 « CTL
c2 = (T2
c3 = CT3

45 CONTINUE

DETA = 1,0 / (FJ*C1)

IF (BCTYPE +EQs 1)
4

DETA ®» 1leu /7 ({FJ+2.,0)#CL)

= C3 7 (TAN(HALFPI#DETAPFJ})I%eC2

00 50 le1,JMA

d = JHA 4+ I

ETAI = I + DETA
YIN{J) » C & (TAN(HALFPI*ETAL))*%(2

YIN(I=2#I+1)
50 CONTINUE

RETURN

END

BLOCK DATA

COMMON

COMHMON /7 CGM2/
LOGICAL
COMMON 7 COH3/
LOGICAL
COMHON / CCHe/
COMMON /7 COM5/

= =YIK(J)

»
I7e »
JT0P ’
AK »
ABORT

IREF »
AMESH

XIN(100) »

P(102,101),X{190}
COMMON 7 COML/ IMIN MAX

» Y(100)

s 1UP » [0OWN s ILE »
JHIN » JHAX s Jup s JLOW s
J80T
ALPAA » OuB » GAHL » RTK

ABORT » ICUT » KSYEP
YIN(100), AMESH

XDIFF(100)s YDIFF(1G0)

COMMON / COMs/ FL{LOG)
1 CAMBER(100)»
COMHON 7 CONT/ CJUP »
COMMON / CUM&/ CVERGE ’
1 WE(3) »
INTEGER 8CFOIL
COMMON 7 CDM9/ BCFOIL »
1 YL(1o00

LOGICAL XGRDIN, YGRDIN

COMHMON /COHMLD/
1

INTEGER
LOGICAL
COMMON /COMLL/

2
3
COMHMON /CaMl2/
1
COMMON /COM13/
LOGICAL
COMMDN /CCHl4/
COMMON /COMLS5/
1

REAL JET
COMMOR /COM167

1
COMMON /COM17/
1

LOGICAL
CamMngN sCoMLB/
1

2

COMHON /COM19/
CUMHMON /COM207
COMMON /CaM22/

1
COMMON /COM23/
COMMON /COM24/

1
COMMON /COM25/7

YFREE(100)

JMXF » JHXT

PSTART
PSAVE
ALPHAQ
IHIND
JHAXT
voLy

. e e

-

WorPl
COFACT
FCR
CLSET

w
..

PSI1

ALPHAQ
OMEGAQ
cyvaLc
CYYBUU
BUTERR
ERROR ’
QUTERR ’

- e

’
DIAG(100),
XMID(1001,
CXC(100) »
CXXR{109),
CYYC(100),
OTOP(100),
VTOP(100),
CPLLIOO) »

FXL(LOG), FULLOOG) » EXULLOD),
THICX(100),vVOL s XFOIL(100), IFOQLL
cluer) » CJLOW » CJLOWL

OVERGE , IPRTER » MAXIT ’

EPS

NL » XL(100) » XUC100) »

» NU
YU{100) » RIGF
s YTUNCLOO) » XKRUPP(1Q0} , GAM »
s XGRDIN » YGRDIN

cLoLd » DELTAD » DUBO » EMACHO
IHAXO » IMAXI » JHIND » JHAXD »
PSAVE » PSTART , TITLE(3)s TITLEG(B),
XOLD(100),YOLD{10D)

H » HALFPIL , PI » RTKPOR

CLFACT , CHFACT , CPFACT , CPSTAR
KUTTa

FCR s KUTTA » WCIRC

BETAO s BETAL » BETAZ » PSI0 ’
PsI2

ALPHAL » ALPHA2 , XSING »
OMESGALl  , OMEGAZ ,» JET
CYYBLD » CYvBLU o CYYBUC , CYYBUD

»FXLBL100),FXUBC(100)

11 » L2 » LERROR
EHU{100,2)- » VCI100) »
OCIRC » POLD{10D,2}
RHS(100), SUB(10C)s SUP(103
YMID(100)

CXL{100), CXR(100), CXXC(100)5CXXL(100)s
C1(100}

CYYD(100),CYYU(100), IVAL

DBOT{100),DUP (100}, DDOWN(LOO),
VBOT{100), VUP{100)s VDOWN(100)

CPU{100)

JERROR »

AYHE SH
AYMESH
AYMESH
AYMESH
AYMESH
AYMESH
AYMESH
AYHESH
AYMESH
AYHME SH
AYHESH
AYMESH
AYHMESH
AYHESH
AYHESH
AYHESH
AYMESH
AYMESH
AYHESH
AVMESH
AYMESH
AYHMESH
AYME SH

99
100
401
102
103
104
105
106
107
108
109
1l¢
111
112
113
114
115
116
117
118
119
120
121
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CGMNMCN /COMZ26/7 PJUMP(100)
PHYS

LOGICAL
INTEGER PRTFLD s SIMDEF
COMMON /COM27/ CL » DELTA s DELRT2 , EMACH , ENROOT
1 PHYS » PRTFLO , SIMOEF , SONVEL » VFACT
2 YFACT
INTEGER BCTYPE
COMMON 7CDH287 BCTYPE » CIRCFF 5 FHINV s POR s CIRCTE
COMHON /COM32/ BIGRL » IRL » JRL
COMMON /COM33/ THETA(100,100)
DATA BCFOIL 7 3 7 » BCTYPE 7 L /7 s PSTART 7 1 /7 ,
1 PRTFLO 7 1 / » SIMDEF 7 3 /
DATA PHYS /oTe / » PSAVE / oFa / » FCR 7 oTe 7
1 KUTTA / oTe /s ABORT 7 oTa /s AMESH / +Fe /
DATA EMACH 7475/ 5 DELTA 74115/ 5 ALPHA /o127
1 AK {04079 GAM/1le4/s RIGF/040/s EPS/e2/
DATA CLSET /04075 CVERGE/.00001/, OVERGE/104/s
1 F { 0sC /» H /0.3 /7 » POR 1 040/,
1 WCIRC/1e0/s WE/LleBr1a%r1e95/
OATA XGRDIN /oFo/y YGRDIN /oFo/
DATA IMAXI/TT/, JMXFI564s MAXIT/500/,
1 NL 1 15 /5 NU /100 7 , IPRTER 7 10 /
DATA PI 73414159265/ 5 HALFPI /145707963257
1 TWOPL/ 6426318531/

DATA IHIN /17 » JMIN 71/ » LCUT 727
DATA CPU/LGO¥040/,CPL/100%0.0/
DATA YIR 71004040 7/, JMAXI /7200 7 » JHXT 148 /

DATA XKRUPP /7 =1,07% » =e950 »

1 =825 » =a7 r =o575 » =eh5 » =35 »
2 =25 » =el75 » =el25 » =e075 » 40525 »
3 ~e035 » =a0225 , =4915 » =e0U?5 , =40025
& #0025 » +0075 , L0125 , J0175 , 40225
5 #0273 » 0325 5 L0375 , 045 s o055 »
6 065 2 o075 s 085 s «0975 » G115 )
7 140625 » 1718755 4203125, .234375, 4265625,
A 0296875 , 4328125, 4359375, 4390625, 421875,
9 2453125 5 44843755, 515625 546675 578125,
1 0609375 5 6406255 2671875, 4703125, 734375,
2 «765625 » «T96875, 828125, +859375, L8685 »
3 9 » o915 » 93 » 0945 » «96 ’
4 975 » 99 » 1.0 » 1401 » 1e025 »
5 1.05 » 1e09 » lel5 s le225 s 143 E,
] le& » 1e5 » leb6Z5 » 1a75 s> LeB75 »
7 234040 /

DATA YFREE 7/ =5.2 » » =346 » =340 » =24 »
1 =195 ’ » =1435 » =1415 ¢ =95 »
2 - 80 ’ » =55 » =ehd » =e39 ’
3 o34 ’ > =27 » o224 » =e2l ’
4 =+18 » » =~el25 s =sl » =e075 »
5 - 05 2 = W01 01 » 03
6 05 ’ ol . 2125 » ol5
7T «l8 , 24 27 30
A 034 » o455 055 65
9 8 ’ 1dl5 » 1435 » 1460 »
1 1495 s 30 5 3.6 4o
2 5e2 /

DATA YTUN 7 =240 ) » » ’ ’

=10 » » » » ’
=39 » ’ » »
=2l » ’ ’ ’
= «075 » » » » ’
203 » ’ » »
15 » ’ ’ ’
*3 » » » » ’
65 » » » ’
le6  » » » 52%0.0 /

1
DATA XU ¢/ 04000006, 0,000167» 0,000391, 04000799s 0.001407s
00021535 0.003331, 040053365 04008648, 0.014583,
00023481, 04033891, V4040887, 0.053973, 04056921,
0e0584565 040599665 04061645, 0.062909, 04065925,
00068785, 04071482, 04074007, 04075322y 0.076603s
QeQ77862s 040791125 04080445, 0.081819s 0.083269,
0s084841, 0,0867025 04088848, 04091378, 0.094413,
0,098308, 04103104, 04109010, 04116244, 04125452,
04136635, 04150037, 04165853, 04184699 0195177,
00206361, 042182445 04230813, 04244047, 04257917,
Qe 2723715 Je287410, 04302990, 34319057, 043353555,
00352421, 04369591y 04386995, 04404133, 04421391,
0a438706s 04456013, 0.473246) 04490343, 0.507262,
04523881, 045395365 04554867, 0.569823, 04584351,
045984055 04611936, 0.624504, 0.637273, De643435,
0e 6590165 04668987, 04678321, 04687012, 04695090,
04706936s 07208400, 04738649, 04761390, 0.777010,
047922415 04809068y 048249925 04836953, 04657188,
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camze
con2?
conz?
cana?
camz?
cam27
conze
caNzg
CON32
CcOH33
BLKDT
BLKDT
8LKDT
BLKDT
BLKDT
BLKDT
BLKDT
BLKOT
BLKDT
BLKDT
8LKOT
BLKDT
BLKOT
BLKDT
BLKDT
BLKDT
BLKDT
BLKDT
BLKDT
BLKOT
BLKDT
BLKOT
BLKOT
BLKDT
8LKOT
BLKOT
BLKDT
BLKDT
BLKDT
BLKOT
BLKDT
BLKDT
sLKoT
BLKOT
BLKDT
BLKOT
BLKDT
BLKDT
BLKOT
8LKDT
BLKDT
BLKDT
BLKDT
BLKDT
BLKDT
BLKDT
8LKOT
BLKOT
BLKDT
BLKOT
BLKDT
8LKDT
8LKDT
BLKDT
BLKDT
BLKOT
BLKDT
BLKDT
BLKDT
BLKDT
BLKDT
BLKOT
BLKOT
BLKDT
BLKDT
BLKDT
BLKDT
BLKDT
BLKDT

.BLKDT

BLKOT
BLKDT
BLKDT
BLKDT
BLKOT
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DATA YU /

O BNC VAWM DIBNT NS LN

DATA XL /

VS WNFE gRINCW I N

oATA YL /

P T N Y Iy

0.875621, 0898268, 24913686, 0.927686» 0939804,
049520025 04971789, 0989100 00997860, 1000000/
00000787, 0003092, 0004538, 0.,006137» 040075683,

3,0090565 0,010675s 0.012803, 0+015607» 040196245
0024441y 00029035, 0+031698, 0.035966, 0.036637,
040372775 04037700, 00038103, 04038497, 0.039276,
0.0399865 040406255 0041195, 04041483, 04041756,
040420195 040422764 040425395 040428045 0043079,

04043368, 04043700y Go044072s 0.0444975 04044589,
04045595, 00046312, 00047154» 04048132, 0049301,
0,050626, 00520489, 04033663s 04055351y 04056210
0,057068, 0,057918, 04058751, 04059559 0e060335,
0,061068s 04061751, 0,062381, 0.062947, 0.003445,

0.063667, 04064213, 00644735 0eDb4b4Ly 0s064733)

00647355 04064651y 0.064477s 04064218 04063671,
04063438, 04062945, 040623765 00061731, 04061004,

2,0602325 0.059389, 0,058496, 0.057562, 04056850,

06055721) 0054791, 040538675 0+052963%) 04052086,

04050722, 0.,088045) 040466805 04043441, 04041053,

00386065 040357685 0.0329%8» 04030775, 00026954

04023361, 0.018848, Je015750, 040129545 Ce020567,

00008213, 0.004359, 0,001620» 0000293, 0+000000/

04000000, 0.,000012, 04000043, 0000183, 0,0C02459,

0,000348y 0,000455, 0.000680» 0001011, 0.+001481,

000018755 04002316, 94003055, 040042015 04004747,

040057795 040070355 0008265, 04009969 04012286,

04015346y 0.019276» ue0253355 0.029379» 04039095,

04052516, 04062469, 04073329 04085290, 0.099822,

0,118563, 04140987, 04167184y 04202933, 0.220511

00247695 04263995 Ue28204T) 042970455 04310147,

04324075, 04344872, 04387644) 04404492

e 4203085 02450216, 04521837 04549843,
0e578612, 04605305, V623479 04642152 0657543,

Ds0671212» 04660340, 0+7CB89L, 04726684, (746683,

00763502, 0e784892) 04801149, 04819187, 0838546,

0e 8588175 045679431, 04903723, 04926504s 0o 9436524

00953668, 049736239 04986187, 0996582 14000000,

25%040/

04 0000005=0+000709,=04001285, =0+002868, ~04003330,
=040038&0,-000043795=04005199,=0+006133,=04007183,
=04007933,=04008676s 09776y =040112045~04011815,
=0s0128615=0+013983, 014962,=04916175;=0.017636»
=0s0193365=04021258s 023836, ~04025373,=0+028634»
=0,0324235-04034840,=0¢037182,=04039456, =04041862,
=0e044483,-04047017 «0492985=04031443,=0.052406,
-0.052859,=04053062 «053117,=0,053027,=04052845,
000525625 =04051951»=04051218,=0+050013,=0.04900¢
w0, 047495,=04045601=040432088,=00383369 =04034516,
=0s031104 = 24661»=04021B54»=0:019517s
=0e017429 11771, -04009228,=0+006537>
=00 0038685=04002080, =0+ 000524s 0,000950, 0.002227,

Ue003224s 0.0038E5, 04004212, 04004067, 003657,

04003067, 0.002242 04001329 0400037¢» 04000000,

25400/

END

SUBROUTINE 8CEND
SUBROUTINE BCEND MODIFIES THE OIAG AND RHS VECTORS
ON EACH I LINE IN THE APPROPRIATE WAY TD INCLUDE THE
BOUNDARY CONDITIONS AT JBOT AND JTOP.
CALLED BY = SYOR.

COHMON P(102,101},X(100) , Y{100)

COMMON / COMLl/ IMIN » IHAX » lUP » IDOWN , ILE ’
1TE » JBIN » JMAX s JuP » JLOW »
JTae » JBOT

COMMON 7 COM2/ AKX » ALPHA  , DUB » GAML » RTK

COMMON 7 COM5/ XDIFFU100),YDIFF{100)
COMMON /COM19/ DIAG(LO00}, RHS(100), SUB(100)s SUP(100)
COMMON /COM237 CYYC(100)s CYYD{100)»CYYUL100), (VAL

INTEGER BCTYPE
COMMON /COM287 BCTYPE » CIRCFF , FHINV

» POR CIRCTE

I = IvaL

BRANCH TO APPROPRIATE ADDRESS FOR BCTYPE
GO TO (10,20,30,40,50,60) » BCTYPE

BCTYPE = 1, FREE AIR
CONTINUE

BLKDT
BLKOT
BLKDT
BLKDT
BLKDT
BLKDT
B8LKOT
BLKOT
BLXDT
BLKDT
BLKDT
BLKDT
BLKDT
8LKDT
BLKDT
BLKDT
BLKDT
BLKOT
BLKDT
BLKDT
BLKDT
BLKDT
BLKDT
BLKDT
BLKDT
BLKDT
BLKOT
BLKDT
BLKOT
BLKDT
BLKDT
BLKDT
SLKDT
BLKDT
BLKDT
BLKDT
BLKOT
BLKDT
BLXDT
BLKDT
BLKOT
3LKOT
BLKDT
BLKOT
BLKDT
BLKOT
8LKDT
B8LKOT
BLKDT
8LKDT
BLKDT
BLKDT
BLKDT
8LKDT
BLKOT

BCEND
BCEND
BCEND
BCEND
BCEND
BCEND
BLANK
cont

COMl

COH1

conz

COM5

COM19
CoM23
CcoMze
COH23
BCEND
BCEND
BLEND
BCEND
BCEND
BCEND

110
111
112
113
114
115
116
117
118
119
120
121
12z
123
124
125
126
127
128
129
130
13L
132
133
134
135
136
137
138
139

141
142
143
144
145
146
147
148
149
150

152
153

155
156

158
159
160
161
162
163
164

WRNRNNNRAERRN N T RSN

15
6

oo

20

2 Xa

30

40

50

55

)

1
53 CONTINUE

cn0o0

60

3

3

&

4

1
57 CONTINUE

-

~

b

~

OIRICHLET BOUNDARY CONDITION F
1E UAK oGTa ooy RoeET OR SUBSONIC FREESTREAM
NEUMAN BOUNDARY CONDITION FOR SuP
DFACL = =CYYD(JBOT) # RVK * XDIFF(I) SUPERSONIC FREESTREAN
DFACU = =~CYYULJTOP} * RTK * XDIFF(I)
:::gb L] B:AEL ¢ (PLIHIN, I = PLJHIN»E~1))
= ACU * {P(JRAX,I) = PUJHAX,I=1))
GO TO 95 ' ’ "
BCTYPE = 2, SOLID wi
CONTINUE ! .
NSUHAN BOUNDARY CONDITION = O,
NO MODIFICATION NEC Al
DFACLR0, ESSARY TO DIAG OR RHS
DFACU=0.4
RFACL=04
RFEACUSO,
G0 TO 95
BCTYPE = 3, FREE JET
CONTINUE
DIRICHLET BOUNDARY CONDITION
I1F (AK oLTe 040} 60 TO 31
PJHIN = 75 * CIRCFF
PJMAX = «,25 # CIRCFF
G0 TO 32
CONTINUE
PJMIN = 0.0
PJMAX = 040
CONTINUE
6C To 90

BCTYPE = 4, IDEAL SLOTTED WA
CONTINUE ! ua
NEUHAN BOUNDARY CONDITION
DFACL ==FHINV # CYYD(JBOT}
DFACU ==FHINY ® CYYULJTOP)

IF (AK oLTe 040) GO T0 41
REACL » DFACL * ( 75 # CIRCFF ¢ P{JBOT,I))
RFACU = DFACU * { o25 ¢ CIRCFF ¢ P(JTOP,I))
GD TO 42
CONTINUE
RFACL = DFACL #* P{JBOT, 1)
RFEACU » DFACU * P(JTOP,I)
CONT INUE
60 TO 95
BCTYPE = 5, POROUS/PERFDRATED WALL
CONTINUE
IF(POR 6T le5) GO TO 55
NEUMAN BOUNDARY CONDITION FOR POR +LTe lo5
DEACL = ~CYYD(JBOT) * POR # XOIFF{I)
DFACU = ~CYYULJTOP) * POR # XDIFF(I1)
RFACL = DFACL * {P(JMINsI}) = PUJHINsI-1))
REACU = DFACU # (PLIMAX, 1) = PLIMAX,I=1))
60 7O 95
CONTINUE
DIRCHLET BOUNDARY CONDITION FOR POR «GTe 1¢5
IF {1 «NEe IUP) RETURN
SET VALUES OF P ON BOUNDARY BY INTEGRATING PX USING
OLD VALUES OF POTENTIAL
PJMIN = PLJHMIN,IUP)
TERM @« =5 7 (POR & (Y{JHIN)} = Y(JHIN41)))
DO 57 11=1UP, IDOWN
PCIMINSII) = PUJMINsIX=1} = TERM #* {X{II1)=X(II=1)) #
(PUSMINS II}4PCINING IE=1=PUJIMIR4L, I1}=PLJMIN¢L,11=1))

PJHAX = P{JMAX,IUP}

TERM » &5 / (POR * (Y(JMAX} = Y{JHAX=1}1}}

DO 58 11=1UP»IDOWN

PUINAXsTL) = P{JMAXsII=1) = TERM(X(ID) = X{II=1)) *

{POJMAX, LIV#PUINAX, [I=1)=P{JHAX=1, I} =P (JHAX=1,II=1))

RHS{JBOT) = RHS{JBAT) =(CYYD(JBOT)*(P{JBOT=1,1)=PJNHIN))

::ib:;ﬂ?l = RHS{JTQP) = (CYYULJTOPI*(PC(JTOP+Ls1}=PINAK))
BCTYPE = 6, GENERAL WALL BOUNDARY CONDITION
OIFFERENCE EQUATIONS FOR THIS S8OUNQARY CONOITION
HAVE NOT YET BEEN WORKED QUTe USER NUST INSERT
INFORMATION NEEDED FOR CALCULATION

CONTINUE

WRITEL621000)

IOOOIFURHAT(JhﬂlABNDlHAL STOP IN SUBROUTINE BCEND/

90

24H BCTYPE=6 IS NOT USEABLE)
sToP

ODIRICHLET BDUNDARY CONDITIONS
CONTIRUE

BCEND
BCEND
B8CEND
BCEND
BCEND
BCEND
BCEND
BCEND

BCEND -

BCEND
B8CEND
BCEND
BCEND
BCEND
BCEND
BCEND
B8CEND
BCEND
BCEND
BCEND
BCEND
8CEND
BCEND
BCEND
BCEND
BCEND
BCEND
BCEND
BCEND
BCEND
BCEND
BCEND
BCEND

BCEND
BCEND
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RHS(JBOT} = RHS(JBOT) = (CYYD(JBOT)I*(PJHIN-P(JBOT=1,1)))

" RHSCJTOP) = RHSUJTOP) = (CYYULJTOP)#(PJIMAX=P(ITOP+2,1)))

«

RETURN

NEUMAN BOUNDARY CONDITIONS
CONTINUE
DIAG(JBOT} = DIAG{JBOT) + DFACL
DIAGL{JTOPY = DIAGLJTOP) + DFACU
RHS(JBOT} = RHS(JBOT) = RFACL + CYYD(JBOTI*P(JBOT=1,I}
RHS(JTOP) « RHS{JTOP) = RFACU + CYYULJTCP)*PLJTOP+1,1)
RETURN
END

SUBROUTINE BODY

COHMPUTES BODY GEOMETRY INFORMATION FOR BOUNDARY
CONDITIONS AND OUTPUT [NFORMATION. FOUR CHOICES OF
BOOY DESCRIPTION ARE AVAILABLE AS FOLLO4S

BCFOIL = 1 NACA 00XX AIRFOIL

8CFOIL = 2 PARABOLIC ARC AIRFOIL

8CFOIL = 3 AIRFOIL ORDINATES READ IN

BCFOIL » 4 EXTRA ADORESS FOR USERS CHOICE
BUDY ORDINATES AND SLOPES ARE COMPUTED AT THE INPUT
X HESH LOCATIONS AND ARE DIVIDED BY THE THICKNESS
RATIO DELTAs THE BODY VOLUMEs CAMBERs AND THICKNESS
ARE ALSO COMPUTED.
ACTUAL BOUNDARY CONDITION IS SET IN SUBROUTINE SETBC
CALLED BY = TSFOIL.

COMMON 7/ COML/ [MIN » IHAX s IUP » IDOWN s ILE »
LTE » JHIN » JHAX » JUP » JLOW ’

2 Jroe » JBOT

COMHON / COM2/ AK » ALPHA » ODUB » GAM1 » RIK

LOGICAL AMESH
COMMON / COH&/ XINC1GU) » YIN(1OD), AMESH
COMMOR / COM6/ FLELUO) » FXL(L00)s FUC100) » FXULL0D)s

1 CAMBER(100)), THICK{100),VvOL » AFDILL100Y, IFDIL
INTEGER 8CFOIL
COMMON 7/ COM9/s BCFQIL » NL » NU » XLU10C) , XUClOD}
1 YLI100) » YU{100} » RIGF
LOGICAL PHYS
INTEGER PRTFLC » SIHDZF
COHMMON 7COm277 CL » DELTA » DELRTZ , EMACH » EMROOT
PHYS » PRTFLO » SIMDEF » SOMVEL » VFACT »
YFACT
CGHMMON /SPLN/ A(200) » B8(200) , DY1 s OY2 s K1 s
1 K2 » XP » YP 2 0YP .

SET NUMBER OF POINTS ON AIFFOIL
IFDIL = ITé = ILE + 1

ZERD ALL THICKNESSES AND SLOPES
00 10 I=IMIN, IMAX
FU{I) = 04
FL(I) = 0,
Fxu(l) = 0.
FXLUI) = Qa
CONTINUE

BRANCH TO APPROPRIATE AIRFOIL SPECIFICATION
GO0 TO (100, 200,300,40C), BCFOIL

CONTINUE
BCFOIL = 1
FORMULA FUOR NACA 03XX SHAPE
IC =0
00 125 I = [LE,ITE
IC = IC ¢ )
Z w XIR(I}

XFOILUIC) = ¢
RTZ = SQRT{Z}
12 = 1¢2
23 = 1472
4 = 2473
FULIC) = 144B845%RTZ = ,63%7 = 14758%12 + Le4215%Z3 = 5075424
FLUIC) = =FULIC)
FXULIC) = o74225/RTZ = 463 = 3451632 ¢ 4,2665412 = 2.03¢23
FXL{IC) = ~FXU(IC)
CONTINUE
60 T0 =00
CONTINUE
BCFOIL = 2
PARABOLIC ARC AIRFOIL**4#4443[=CONVEX,

B8CEND
BCEND
BCEND
BCEND
BCEND
BCEND
BCEND
BCEND
BCEND
BCEND
BCERD
BCEND

BODY
80DY
8ooy
80DY
BJOY
eaoy
800Y
BOOY
sooy
8ODY
8apY
800DY
soDY
BODY
840Y
COHl
CoM)
COML
COH2
COMa
CoMs
COMs
COMG
COH9
COM®
COM9
com2r
comer
coH27
comMe?
CoH27
sooy
8ooy
BODY
80ODY
8Q0Y
80DY
BaoY
8oDY
800y
sapy
800Y
800Y
80DY
sapy
80DY
BODY
BODY
BaDY
BODY
800y
BaDY
sooY
BODY
80DY
BoDY
80ODY
BODY
8oy
aooy
8Qoy
8ODY
800Y
BODY
agoy
800y

nooo o

oo

Xz

nfoo

ao

[4
4

225

300

320

33¢C
4C0

1¢00

500
<

C
3

530

IC =0

00 225 I=ILE»ITE

IC = IC + 1

Z = XIN(I)
XFOIL(IC) = Z

12 = 147

FUCICY = 24%(Z - Z2)
FLUIC) = =FU{IC)

FXULIC) = 24 = 44#2
FXLLIC) » =FXULIC)

CONTINue
GO Ta 5¢Q
CORTINUE
BCFOIL = 3
BODY ORDINATES READ IN NAMELIST
DELINY o 1.

IF(PHYS) DELINV = L,/DELTA
COMPUTE ORDINATES AND SLDPES AT X HESH LOCATION ON
AIRFOIL BY CUBIC SPLINE INTERPOLATIONe
DERIVATIVE END CONDITIDNS ARE SPECIFIED AT Xs=0
AND Xx=1
Kl = 1
K2 = 1
UPPER SURFACE
CALCULATE OY/DX AT END POINTS BY FINITE DIFFERENCE
FORMUL A,
CYL = (YY(2) = YU(1}) /7 (XU{2) = xu{l))
DY2 = {YU{NU} = YU{NU=1)} / (XU(NU) = KU{NU=1)}
INITIALIZE CUBIC SPLINE INTERPOLATION
CALL SPLRI{XUs;YU,NU)
CALCULATE ORDINATES AND SLOPES
Ic =0
00 32¢ I=]LE,ITE
IC » IC + 1
XP = XIN(I)
XFOIL(IC) = XP
CALL SPLNIXIXUsYUyNU)
SEY ORDINATE AND SLOPE QF AIRFOIL TG INTERPOLATED
VALUE DIVIDED BY THICKNESS RATID
FU(IC) =« YP#DELINV
FXU(IC) = DYP*DELINV
CONTINUE
LOWER SURFA%
CALCULATE DY/DX AT END POINYS B8Y FINITE DIFFERENCE
FORMULA.
DYl = (YL(2) = YL(L}} 7 (XL(2) = XL(1})
O0Y2 = (YL(NL) = YLONL=1]} 7/ (XLINL} = XL(NL=1)}
INRITIALIZE CUBIC SPLINE INTERPOLATION
CALL SPLN1(XL,YLsNL)
CALCULATE ORDINATES AND SLOPES
IC = 0
00 330 I=ILE,ITE
IC » IC + 1
Xp = XIN(1)
CALL SPLNIX{XLsYL)NL}
SET ORDINATE AND SLOPE OF AIRFOIL TO INTERPOLATED
VALUE DIVIDED BY THICKNESS RATIO
FLUIC) = YP# DELINV
FXLUIC) = DYP#DELINV

CONTINUE

60 TO 500

CONTINUE
BCFOIL = 4
THIS ADDRESS LEFT FOR USER TO INSERT OWN AIRFOIL
DESCRIPTIONS

WRITE(6,1000)

FORMAT(33HOABNORMAL STOP IN SUBROUTINE BOODY/
24H BCTYPE=4& [S NOT USEABLE)
STOP
CONTINUE
EXECUTE CALCULATIONS COMMON TO ALL AIRFOILS
COMPUTE AIRFOIL VOLUMKNE
CALL SIMPIVOLUsXFDIL,FUs1FDIL, IERR)
CALL SIMP(VOLL,XFOIL,FLsIFQLLs IERR)
VoL = vOLYU = vOLL
COMPUTE CAMBER AND THICKNESS
DD 525 Is1,[FOIL
CAHMBER(1) = +5#(FU(I) + FLII})
THICK(I) = o5%(FU(Ll) = FLII}}
CONTINUE
DO 530 I=1,IFOIL
FXU(L) = FXU(1) / SQRT{1e0 + RIGF ®(DELTA*FXU(LI))##2 )
FXLUI) » FXLUI) 7 SORT(1e0 + RIGF #(DELTA*FXL(I))*#2 )
CONTINUE
CALL PRBODY

KIARISIVT
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RETURN
END

SUBROUTINE CDCOLE
COMPUTES Tht DRAG BY MOMENTUM INTEGRAL METHOD.
INTEGRATES AROUND 4 CONTOUR ENCLOSING THE BODY AND
ALONG ALL SHOCKS INSIDE THE CONTOUR
CALLED BY = PRINT.

COMMDN P{102,1011,X(100} , Y{100)
COMMON / COHML/ IMIN » INAX » 1P » 100WN , ILE
1 1TE » JAIN » JHAX » JUP s JLOW
2 JT0P » J80T
COMNON / COM2/ AK » ALPHA , DUB » GAML » RTK
CORMON ¢ COM6/ FL{100) » FXL(100}, FULL00} , FXULL00),
1 CAMBER(100), THICK(100},VOL » XFOIL(100), IFOIL
COMMON 7 COM?/ CJuP » CJUPL , CJLOw , CJLOWY
COMMON /7COM13/ COFACT » CLFACT , CHFACT o CPFACT , CPSTAR
LOGICAL PHYS
INTEGER PRTFLD  » SIMDEF
COMMON 7COM27/7 CL » DELTA , DELRT2 » EHACH , EMRODQT
PHYS » PRTFLOD , SIMDEF » SONVEL » VFACT
YFACT

COMPON/CON30/ 2(100), ARG(100), REST(204)
GAM123 = GAM1%2,/3,
SET LOCATIUNS OF CONTOUR BOUNDARIES

UPSTREAHM BOUNDARY
IF AK = 0,0 CDCOLE WILL NOT BE CALLED.
AHACH MAY NOT BE » 1.0 .
IFUAK oGTe Os) IU ® (ILE ¢ [MIN)®.5
IFCAK oLTa 04) IU » TUP
TOP AND BOTTOM BOUNDARIES
SUBSONIC FREESTREAM
SET JB,JT TO INCLUDE AS MUCH OF SHOCKS AS POSSIBLE
T = JMAX = L
JB = JHIN + 1
IF {AK «GTe Do) 60 TO 30
SUPERSONIC FRECSTReAM
SET JBs4T TO INCLUDE ONLY SUBSONIC PART OF
DETACHED 50W WAVE

FIND BOW SHOCK WAVE
ISTOP = [LE ~ 3
CALL FINDSK{IUP, ISTOP,JUP,I80W)
IFCIBOW «LTe 0) GD TO 325
1F (IBOW «LTs 4} GO TO 350
SEARCH UP SHOCK T FIND TIF OF SUBSONIC‘REGION
ISK = I80W
JSTART = JUP + 1
JT = JuP =1
DB 20 4 = JSTART,JHAX
JT » 4T ¢ 1
ISKOLD = ISK
CALL NEWISKILSKILDsJs ISK)

IF(ISK 4LTe 0) 6O TO 15
CONTINUE
CONTINUE
SEARCH DOWN SHOCK TD FIND TIP OF SUBSONIC REGION
ISK = lBOw

JB = JLOW ¢ 2
00 20 J = JHIN,JLOW
JJ v JLOW =~ J + JHIN
JB = yB =1
ISKOLD = I5K
CALL NEWISK(ISKOLDsJJsISK)
IFCISK oLTe G} GO TO 25
CONTINUE
CONTINUE
SAVE I LOCATION OF 80w SHOCK WAVE ON LOWEK BOUNDARY
180w = ISKOLD .
CONTINUE
DOWNSTREAN BOUNDARY
ID = (ITE + [MAX) # 5
IF(PXUITE+1,JUP) oLT. SONVEL) GO 10 40
TRAILING EDGE IS SUPERSONICe PLACE DOWNSTREAM
BOUNDARY AHEAD OF TRAILING EDGE TD AVOID TVAIL SHOCK
1= ITE
CONTINUE

»

BODY
8DDY

CDCOLE
CDCOLE
COCOLE
COCOLE
COCOLE
CDCOLE
BLANK
COHl
COnl
COoMl
Ccouz
COHb
COMe
cour
comM13
conz?
comMe7
cane?
com27
Conrey
CDCOLE
CDCOLE
CDCOLE
COCOLE
COCOLE
cbcoks
COCOLE
CDCOLE
COCOLE
CDCOLE
CDCOLE
COCOLE
CDCULE
COCOLE
CoCOLE
cocoLE
CDCOLE
COCOLE
COCOLE
CDCOLE
COCOLE
CDCOLE
COCOLE
CoCoLE
COCOLE
CDCOLE
CDCOLE
COCOLE
COCOLE
CDCOLE
COCOLE
COCOLE
CDCOLE
CDCOLE
CDCOLE
COCOLE
COCOLE
CDCOLE
COCOLE
COCOLE
CDCOLE
COCOLE
CDCOLE
COCOLE
CDCOLE
COCOLE
COCOLE
COCOLE
CDCOLE
COCaLE
CDCOLE
COCOLE
COCOLE
COCOLE
CoCaLE
CDCOLE

144
145
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120

130

14¢

15¢

1e0

2c0

{ e =1

IFEX{1) «GTe «75} GO TO 35

ID = T

CONTINUE
ALL BOUNDARIES ARE FIXED
COMPUTE INTEGRALS ALONG BOUNDARIES
INTEGRAL ON UPSTREAM BOUNDARY

COUP = 0.

TIFCAK oLTe Do) 60 TO 120

L=0

DO 110 J = JB,JT

L= L4

ULy = Ytn

U = PX{IU, )
Vo= PY(IU,J)
ARG(L) ={[AK = GAHLZ3%U)%URU = vaV)%,5
CONTINUE
CALL TRAPUZ,ARGsL)SUM)
COUP = 2,4CDFACT#SUM
CONTINUE
INTEGRAL ON TOP BOUNDARY
Le=0
00 130 I = Iu,ID
Le L+
L)y = xtn
ARGIL) = -PX{I,JT)#*PY(IsJT)
CONTINVE
CALL TRAP(Z, ARGy LsSUM)
COTOP = 2,%COFACT*SUM
INTEGRAL ON BOTTOM BOUNDARY
L=0
00 140 1 = Iu,iD
LealL¢+ 1
ARGIL) = PX(Es»JB)}*PY(I,JB)
CONTINUE
CALL TRAP(Z,ARGsLsSUH)
COBOT = 2,*COFACT*SUN
INTEGRAL OK DOWNSTREAM BOUNDARY

L=90
00 150 J = JB,JT
L+l
(LY = Yty
U = PXUIDyJ)

1F FLOW SUPERSONIC» USE BACKWARD DIFFERENCE FORMULA
IF(U «GTe SONVEL) U = PX{IO=1,J)
vV = PY(UID,J)
ARGIL) = ((GAH1Z34U = AK)#USU + VIV)®,5
CONTINUE
CALL TRAP(Z,ARGy»LySUM)
CDDOWN = 2,*CDFACT#SUN

INTEGRAL ON BOOY BODUNDARY
CDBODY = 0, -
IF(ID «GTs LTE) GO TO 200
ILIN = ITE + 1
L0
DO 160 I=ID,ILIH
I = I=-ILE + 1
LeL+1l
Z{L) = x{I)
Uu = CJUPSPXUI,JUP) = CJUPL#PX{I,JUP+1)
UL » CJLOW#PX{IsJLOW) = CJLOWL*PX{I,JLOW~1])
ARG(L) = ~UU*FXU(IB) + UL*FXL(IB)
CONTTINUE
CALL TRAP(Z,ARGsLySUH)
CDBODY = 2, #CDFACTSUM
CONTINUE

INTEGRATION ALONG SHOCK WAVES
COWAVE = 0.
LPRTL = ¢
LPRT2 = o
NSHOCK = 0
IFLAK «GTo 04) 60 TO 220
INTEGRATE ALONG DETACHED BOW WAVE
NSHOCK = NSHOCK + 1
LPRTL = 1
LPRTZ = 1
L=0
ISK = 180w
DO 210 J = JB,JT
L=t +]
ISKOLD = ISK
CALL NEWISKCISKOLD,J, ISK)

CDCOLE 71
COCOLE 72
COCOLE 73
COCOLE 74
COCOLE 75
CDCOLE 76
COCOLE 7?7
CDCOLE 78
CDCOLE 79
COCOLE a0
COCOLE 41
CDCOLE 82
CDCOLE 83
CDCOLE B84
COCOLE 85
CDCOLE 86
COCOLE 8?
CDCOLE 88
CDCOLE 89
COCOLE 90

-CDCOLE 91

COCOLE 92
CDCOLE 93
COCOLE 94
COCOLE 95
CDCOLE 9¢
COCOLE 97
COCOLE 94
CDCOLE 99
CDCOLE 100
CDCOLE 101
CDCOLE 102
COCOLE 103
COCOLE 104
CDCOLE 105
CDCOLE 106
COCOLE 10?7
COCOLE 108
COCOLE 109
CDCOLE 110
CDCOLE 111
COCOLE 112
COCOLE 113
COCOLE 114
COCOLE 115
CDCOLE 116
COCOLE 117
COCOLE 118
CDCOLE 119
COCOLE 120
COCOLE 121
COCOLE 122
COCOLE 123
CDCOLE 124
COCOLE 125
COCOLE 126
COCOLE 127
CDCOLE 128
COCOLE 129
CDCOLE 130
COCOLE 131
COCOLE 132
CDCOLE 133
COCOLE 134
CDCOLE 135
COCOLE 13é
CDCOLE 137
COCOLE 138
CDCOLE 139
COCOLE 140
COCOLE 141
COCOLE 142
COCOLE 143
COCOLE 144
COCOLE 145
COCOLE 146
COCOLE 1e7
CDCULE 148
COCOLE 149
COCOLE 150
CDCOLE 151
CDCOLE 132
COCOLE 153
COCOLE :154
CDCOLE 155
CDCOLE_156
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210

220

225

230
235

240

250
260

270
275

280

L) = Y}
ARGIL) = (PXLISK41pd} = PX{ISK=25J)) %43
CONTINUE
CALL TRAP{Z,ARGyL,SUN)
CDSK = =GAML/64%COFACT#SUH
COWAVE = CDWAVE + CDSK
CALL PRTSK(Z,ARGsLsNSHOCK, CDSKsLPRT1)
CONTINVE
INTEGRATE ALONG SHOCKS ABOVE AIRFOIL
ISTART = ILE
CONTINUE
CALL FINDSKC(ISTART,ITEs JUP,ISK)
IF(ISK oLTe 0) GO TO 250
SHOCK WAVE FOUND
ISTART = ISK + 1
NSHOCK « NSHOCK ¢ 1

LPRTL = O
L=1
Z(L) = 0.

ARGIL) = (CJUP*(PX{ISK+1lsJUP) = PX{ISK=2,JUP}}
= CJUPL&(PX(ISK+1lp JUP+1l) = PX(LISK=2,JUP+1}))%43
DO 230 J = JUP ,» 4T
L= L+l
(LY = YUJ)
ARG{L) = (PXUISK#+1lsJ) = PX(ISK=2,J)})%#3
ISKCGLD « ISK
JSK = 4 + 1
CALL NEWISK(ISKOLD, JSKy ISK)
IF{1ISK oLTe 0) GO TO 240
IFCISK «GTe ID) GO TO 235
CONTINUE
CONTIRUE
LPRT1 = 1
CONTINUE
CALL TRAP{Z,ARGaL,SUM)
CDSK = ~GAML/6¢*COFACTHSUN
COWAVE = CDWAVE + COSK
CALL PRTSK(ZsARG»LsNSHOCK,CDSK,LPRTL}
IF(LPRT1 4EQu 1) LPRT2 = 1
RETURN TO FIND NEXT SHOCK
60 1O 225
INTEGRATE ALDNG SHOCKS BELOW ALRFOIL
CONTINUE
ISTART = ILE
CONTINUE
CALL FINDSKCISTART, ITE, JLOW,ISK}
IF(1SK «LTe 0O} GO TO 300
. SHOCK WAVE FOUND
ISTART = ISK + 1
NSHOCK = NSHOCK + 1

LPRT1 = 0
Lt=1
(L) = 0s

ARG(L) = (CJLOW* (PX(ISX+1l,JLOW) = PX(ISK=2,4L0W}}
= CJLOWL#(PX{ISK+1,JLOW=1) = PXCISK=25JLOW=1))}%%3
D0 270 JJ = JB,JLOW
J e JLOW ¢+ JB = JJ
L= L4l
L) = Y
ARGIL) = (PX{ISK+¢lsJ) = PX(ISK=2,J})¥*3
ISKOLD = ISK
JSK » ) =1
CALL NEWISK(ISKOLD,JSKs ISK)
IF(ISK +LTe 0} GO TO 280
IFLISK «GTe ID) GO TO 275
CONTINUE
CONTINUE
LPRTL = 1
CONTINUE
CALL TRAP{ZsARG»LsSUN)
COSK = —GAM1/64*CDFACT#{~SUN)
COWAVE = CCWAVE + CDSK
CALL PRTSK(Z:ARG:L-NSHDCK.CDSK,LPRIU
IF(LPRT1 «EQe 1) LPRT2 =
RETURN TO F(ND NEXT SHOCK

GO TO 260

CONTINUE
INTEGRATION ALONG SHOCKS IS COMPLETE
PRINTOUT CD INFORMATION

XU = x{1y}

XD = X{ID)

YT = Y(JT)*YFACT

Y8 = Y{JBIHYFACT

COC = CDUP ¢ COTOP + CDBOT + CODOWN ¢ CDBODY

CDCOLE
COCOLE
CDCOLE
COCOLE
COCOLE
COCOLE
CDCOLE
COCOLE
CDCOLE
CDCOLE
COCOLE
CDCOLE
CDCOLE
CDCOLE
COCDLE
CDCOLE
CDCOLE
cocoLE
COCOLE
CDCOLE
COCOLE
COCOLE
CDCOLE
COCOLE
CDCOLE
CDCOLE
COCOLE
COCOLE
CDCOLE
CDCALE
COCOLE
COCOLE
COCOLE
CDCOLE
COCOLE
COCOLE
CDCOLE
CDCOLE
COCOLE
CDCOLE
CDCOLE
CDCOLE
CUCOLE
COCOLE
CDCOLE
COCOLE
COCOLE
COCOLE
COCOLE
COCOLE
COCOLE
CDCOLE
COCOLE
CDCOLE
COCALE
COCOLE
CDCOLE
cocoLe
CDCOLE
COCOLE
COCOLE
CDCOLE
COCOLE
cocoLE
CDCOLE
CDCOLE
COCOLE
CDCOLE
CDCOLE
COCOLE
COCOLE
cocoLe
CDCOLE
CDCOLE
CDCOLE
CDCOLE
COCOLE
CDCOLE
CDCOLE
COCOLE
COCOLE
cocole
CDCOLE
CDCOLE
CDCOLE
CDCOLE

157

221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242

oo

ocano

oo

CD » COC + COWAVE
¥RITE(651001)
WRITE(6,10C2) XU,COUPs XDyCODOWNs YT,CDTOPs YB, CDBOT
IF(XD oLTe 1o} WRITE(6,1003) XD,CDBODY
WRITE(6,1004) CDC
WRITZ (651005) NSHOCK,CDWAVE
IFUNSHOCK «GTe O oANDe LPRT2 oEQe O) WRITE(5,1007)
IF(NSHOCK oGTe O oANDe LPRT2 4EQe 1} WRITE(651008)
WRITE(6,1006) CD
RETURN
325 CONTINUE
SHOCK IS TOO CLOSE TD BODY TO DO CONVOUR INTEGRALe
WRLTE MESSAGE AND RETURN
ULE » PXUILE,JUP}
IF(ULE +6Te SONVEL) WRITE(6,1011}
IF(ULE oLEs SONVEL) wRITE(6,1012}
CD = DRAG(CDFACT)
WRITE(65,1013) CD
RETURN
. 350 WRITE (6,1014)
CO=DRAG(CDFACT)
WRITE(6,1013} CD
RETURN
4001 FORMAT{1H1,55X»23HDRAG COEFFICIENT ODUTPUT/ 56X»23(1H%)//s
1 60H CALCULATION OF DRAG COEFFICIENT BY MOMENTUM INTEGRAL METHOD)
1602 FORMAT{27HOBOUNDARIES OF CONTOUR USED»15X,18HCONTRIBUTIGN TO €D/
* 16H UPSTREAM X ®3Fl2e6s15%,8HCOUP =y Fl2e6/
# 16H DOWRSTREAM X =,Fl246515X,8HCDDONN
* 16H TOP Y =pFl2e

Zeb/

215X 8HCDTOP 12467
* 16H BOTTOM Y ®sFl246515X58HCDBOT =pFl2e6)

1003 FORMAT(1&6H BODY AFT OF X #pFl246y15Xs BHCDBODY =sF1246)

1004 FORMAT(15X, 36HTOTAL CONTRIBUTIONS ARDUND CONTOUR =, Fl2e6)

1005 FORMAT(10HOTHERE ARE»I353BH SHOCKS INSIDE CONTOURs TOTAL CDWAVE =y
.

Fl2.6)
1006 FORMAT(51HODRAG CALCULATED FROM MOMENTUM IRTEGRAL (4] LF]
*  Fl246)

10C7 FORMAT(43HONOTE = ALL SHOCKS CONTALNED WITHIN CONTOUR/
# 30H CONAVE EQUALS TOTAL WAVE DRAG)
1008 FORMAT{52HONOTE ~ ONE OR MORE SHOCKS EXTEND OUTSIDE OF CONTOUR/
38H COWAVE DDES NOT EQUAL TOTAL WAVE DRAG)
1011 FORHAT(31H1$HDCK WAVE IS ATTACHED TO BOOY/
* 33H MOMENTUH INTEGRAL CANNOT BE DOKE/
. 45H DRAG OBTAINED FROM SURFACE PRESSURE INTEGRAL/Z)
1012 FORMAT(ALHIDETACHED SHOCK WAVE IS TQO CLOSE TO 80DY/
- 33H MOMENTUM INTEGRAL CANNOT 8E DONE/
. 4%5H DRAG OBTAINED FROM SURFACE PRESSURE INTEGRAL/}
1013 FORMAT(4HOCD=»Fl246)
1014 FORMAT(IHL,17XsLl9H*®d¥& CAUTION ###24/16X, L6HSOLUTION MAY BE »
1 THINVALID//46H DETACHED SHOCK WAVE IS TOD CLOSE TO UPSTREAM »
2 BHBOUNDARY/11X, 32HMOMENTUM INTEGRAL CANNDT BE DONE/3X»
3 44HDRAG UBTAINED FROM SURFACE PRESSURE INTEGRAL)
END

SUBROUTINE CKMESH

CHECK X MESH AND ADJUST TO CONTAIN 0DD NO. OF
POINTS BEFORE TAIL AND 0OD NO. AFTER TAILe
{TE IS INCLUDED IN BOTH COUNTS.

CKMESH IS CALLED ONCE BY READIRe

COMMON ¢ COHLl/ IMIN » IMAX s IUP » 1DOWN » ILE »
1 ITE » JHIN » JHAX » JUP s JLOW »
JToe » J80T
LOGICAL ABORT
COMMON /7 COM3/ lREF » ABORT » ICUT » KSTEP
LOGICAL

COMMON 7 COH&/ XIN(!OO! » YIN(10O)» AMESH

IF {ICUT «GT» O} GO TO 4
IREF = =1

RETURN

CONTINUE

+

TEST TO BE SURE THAT ADJUSTING THE NOe OF
POINTS WONT MAKE IMAX OR JHAX LARGER THAN 100
IF {IMAX oLEe 98 oANDe JMAX oLEe 968) GO TO 8
WRITE (6,100)
IREF = =1
-RETURN

COCOLE
COCOLE
COCOLE
CDCOLE
CDCOLE
CDCOLE
CDCOLE
COCOLE
COCOLE
CDCOLE
COCOLE
€DCOLE
CDCOLE
COCOLE
COCOLE
COCOLE
COCOLE
COCOLE
CDCOLE
CDCOLE
COCOLE
CDCOLE
COCOLE
CDCOLE
COCOLE
COCOLE
COCOLE
CDCOLE
COCOLE
CDCOLE
CDCOLE
CDCOLE
CoCoLE
COCOLE
cocoLe
COCOLE
CDCOLE
CDCOLE
CDCOLE
CDCOLE
CDCOLE
CoCOLE
COCOLE
CcocaLe
CDCOLE
COCOLE
COCOLE
CDCOLE
CDCOLE
COCOLE
cocoLe
COCOLE

CKMESH

CKMESH
CKMESH
CKHESH
CKHESH

CKMESH

CKMESH .

CKMESH
CKMESH
CKRESH
CKMESH
CKMESH
CKNESH
CKMESH

CRWRNIBURIONIWN

XTIaNAdd¥



£61

oo

¥ la)

co

o

1

2

o

3

&

<

5

<

&0

100

w

-

CONTINUE
IF (HUD(ITE-IHINQI: 2) «REe 0) GO TOD 20
ADD EXTRA MESH POINT AHEAD OF AIRFDIL.
LP = IMAX 4+ IMIN ¢ 1
DO 10 I=IHINyIMAX
LetpP=1
XINC(L) = XIN(L=l)
CONTINUE
IMAX = THAX + 1
KINCIMIN} = 24 * XINCIAIN4L) = XINCIAIN®2)
CALL ISLIT { XIN }
CORTINUE
ADD EXTRA MESH POINT AFTER AIRFOIL.
IF (MOD(IMAX=ITZ¢l, 2) «NEs 0) GO TO 3¢
IHAX = [HAX + 1
XIN{TMAX) = 24 * XIN(IMAX=1) = XIN(IAAX=2)
CONTINUE
CHECK Y HESH AND ADJUST TD CONTAIN EVEN NO. OF
POINTS ABOVE AND BELOW SLIT.
IF (HOD(JLOW=JMIN »2) oNE. O) GO TQ 50
ADD EXTRA MESH POINT BELOW SLIT.
LP = JHMAX 4 JHIN + 1
D0 40 JsJHINy JMAX
L=tp-J
YIN(L) = YIN{L=1)
CONTINUE
SHAX = JHAXK ¢ 1
YINCJHIND = 2, * VIN(JHIN#1) ~ YIN(JHIN#2)
CALL JSLIT ( YIN )
COKNTINUE
ADD EXTRA MESH POINT AHOVE SLIT.
IF (HODLJHAX=JUP ,2) ¢NEs 0) GO TO 60
JHAX = JHAX ¢ 1
YIN(JMAX) = 240 % YIN(JHAX=1) = YIN({JHAX=2)
CONTINUE
RETURR

FORHAT(96H) THE MESH CANNOT BE ADJUSTED FOR CUTOUT»
1R JMAX IS TOO CLOSE TO THE LIMIT OF 100./
25X» 19HIREF WAS SET TQ 0 )

BECAUSE IMAX O

END

SUBROUTINE CPPLOT (X5 Yy Z» ws NP)

SUBROUTINE CPPLOT PRODUCES A PRINTER PLOT
OF CRITLCAL PRESSURE VS X o
CALLED BY « FIXPLT.

LOGICAL

COMMON /7 COMe/ XIN(IGO) » YIN(10O)s AMESH

DIMENSION X{101) , Y(101) » Z{1Cl) , W{10l) » M(120), ISYM(B)

DIMENSION 4A(3) , IC(3)

DATA IC/ 1» 1024, 104E576/

DATA ISYM/1H »1HUs LHL, 1HBs 1H=s LU 1HLy LHB/
NC IS THE NUMBER OF COLUMNS.
NR IS THE NUMBER OF ROWS.

CATA NC 7120/ , NR /507

IRITIALIZE RANGES

IF ( AMESH ) GO TO 3

NPL = 1

NPR & NP = 1

NL5 = 2

GO TO 4

CONTINUE

NPL = 2

RPR = NP = 2

NLS = 3

CONTINUE

HL = X{NPL)

HR = X({NPL)

VEsANINLLY{1)»2Z(2)sW{1))

VToAMAXILY(LD,Z(2),Wil))

DETERMINE RANGES

DD 5 I = NL5sNPR

HL=AMINL(HL, X(1) )

HREAMAXL(HR, X (1))

VBsAKINL(VB, Y(I)»ZL1),W(I))

VTsAHAXIIVTY (L) »ZUT)pMLIN)

TONTINUE

CKMESH
CKMESH
CKMESH
CHRMESH
CKMESH
CKHMESH
CKMESH
CKMESH
CKMESH
CKHMESH
CKMESH
CRNESH
CKMESH
CKMESH
CKMESH
CKMESH
CKMESH
CKHESH
CKMESH
CKHMESH
CKHESH
CKHESH
CKMESH
CKHESH
CKHESH
CKMESH
CKMESH
CKHESH
CKHESH
CKMESH
CKHESH
CKHESH
CKMESH
CKMESH
CKHESH
CKHMESH
CKMESH
CKMESH
CKMESH
CKMESH
CKME SH
CKMESH

CPPLOT
ceeLOT
CPPLOT
CPPLOT
CPPLOT
CaMée

COH4

CPPLOT
cPpLOT
ceeLoT
CPPLOT
CPPLOT
cepLOT
CPPLOT
CPPLOT
CPPLOT
cepLOT
CcPPLOT
cPPLOT
CPPLOT
CPPLOT
CPPLOT
CPPLOT
cpPLOT
cepLOT
CPpPLOT
cppLOT
CPPLOT
CPPLOT
CPPLOT
CPPLOT
CPPLOT
CPPLOTY
cpPPLOT
cepLOT
CPPLOT
CPPLOT
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SKIP TO NEW PAGE AND WRITE PLOT HEADINGe

WRITE(£) 9001
VDEL={VT~VB)/FLOAT(NR)
HOELe {HR=HL) /FLOAT(KC)
HOELM = 140 7 HDEL
VL=¥T

DO 100 IROW = 1,NR

VH=VL
VL=FLOAT(NR=IROW)SVDEL+VE
DO 15 I=lsN

H{I}e0

DD 30 I =NPLsNPR
= MAXQ{1,MINO(NC, L#INTC((X(I}=HL) * HDELM)))

A(l) v Y(I)

AL2) = 2(I)

At3) = wil)

00 29 K=, 3

IF (A{K) +GTs ¥H) GO TO 20

IF {A(K) o6Tes VL oDRe (A{K) oLEe VB ¢ANDe IROW «EQe NRN)
1 HEJ) = MEJ) + ICHK)
CONTINUE

CONTINUE

DD 90 I=1sNC

lF (H(!l oLTe ICC()) GO TD 70
J =g

H{I) = HUD(H(I)-IC(!I)
CONTINUE
IF (mtD)
Jdog+2
M{I) = MODCMII)s1CC2))
CONTINUE
IF (MDD
Jo=Jg+l
CONTINUE
MDY = ISYHLO)

oLTe I1€{2)) GO TD 75

oLEe 0) GO TO 80

90 CONTINUE

10¢

WRITE(60901)
CONTINUE

(H(IpIn1,NC)

RETURN

900 FORMAT(1HL,34X»46HPRINTER PLOT OF CP ON BODY AND DIVIDING STREAM,

1 &HLINEs15X»13HU = CPUUPPER) /35K, 50{1H*)» 15X, 13HL = CP(LDYER)/
2 100X,25HB = CP{UPPER) = CP(LOWER)/98X,1TH~=— « CRITICAL CP)

901 FORMATI1X»120A1)

END

SUBROUTINE CUTOUT

SUBROUTINE TO REQUCE THE NUMBER OF MESH POINTS
FOR THE FIRST CUT AT SOLUTIONs THE X=MESH AND
Y=HMESH JILL BE HALVEQs AKRD LF POSSIBLE BE
HALVED AGAIN

IREF ==1, CUTOUT SHOULONT HAVE BEEN CALLED

IREF = 0» IF NOT HALVED AT ALLs

IREF = 1, IF HALVED ONCE.

IREF = 2, IF HALVED TWICE.
CALLED 8Y = TSFOIL.

COMHON P(102,1011,X(100) » Y{100)

COMHOKR /7 COHL/ IMIN » IMAX » IUP » IDOWN » ILE ’
1 ITE s JHIR » JMAX » JUP » JLOW .
2 JTOP » JBOT

LOGICAL ABORT

COMMON / COM3/ IREF » ABORT » ICUT » KSTEP

LOGICAL AMESH

COMMON /7 CDM47 XIN(100} » YIN(100)s AMESH
COMMON /COM20/ XMID{100}s YMID(10Q)

cPPLOT
CPPLOT
CPPLOT
CPRLOT
CPPLOT
CPPLOT
CPPLOT
CPPLOT
CPPLOT
cepLOT
CPPLOT
cPPLOT
cPPLOT
CPPLOT
CPPLOT
CPPLUT
CPPLOT
CPPLOT
cPPLOT
CPPLOT
CPPLDT
CPPLOT
CPPLOT
CPPLOT
cepLOT
cPPLAOT
CPPLOT
CPPLOT
CPPLOT
CPPLOT
cpPPLOT
CcPPLOT
CPPLOT
CPPLOT
CPPLOT
CPPLOT
CPPLET
CPPLOT
ceeLoT
CPPLOT
cpeLOT
CPPLOT
CPPLOT
cepLOT
CPPLOT
cepLOT
CPPLOT
CPPLOT
CPPLOT
CPPLOT
CPPLOT
cepLOT
CPPLDTY
CPPLOT
CPPLOT

cuTouT
CuTouT
cuTout
cuTouT
cuTaut
CuTouT
CuTOUT
cuTouT
cuTOuT

cutaut
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IFCUIREF oNEe =1) 60 TO 5
MESH CANNOT BE REFINED, LOAD XINsVIN INTG X,Y

DO 1 I = IHKINsIMAX

X(I) = XINCI)

CONTINUE

D0 2 J = JHINsJMAX

YUY = YINGH

CONTINUE

IREF » C

RETURN

CONTINVE

K = THIN - 1

00 10 I=IMIN, [HAX,2

KK+l

XWID{K) = XIN{D)

CONTINUE

IMAX = (EMAX=IMIN)} & 5 ¢ IHIN

CALL ISLIT ( XM1D )

K = JMIN = 1

JE = JLOW - )

00 15 JudMINyJEs2

KaK+1l

YNIDIK) « YIN(J)

CONTINUE

45T = JUP ¢ L

00 20 $=JSTsJHAX,2

Kw K4l

YMID(K) = YIN(LD)

CONTINVE

JHAX = {JPAX=JHMEN) * 5 ¢ JHIN

CALL JSLIT ( YMID )

IREF = 1

FLIRST HALVING CUMPLZTE. CHECK IF NOs OF PODINTS

IS 00D,
IF {ICUT «tQe 1} GO TO 30
IF (MODU{ITe=IHIN#1, 2) o£Q. Q) GO TO 30
IF (MOC(IMAX-iTE41,2) +EQ. O) GO TO 30
IF (MODCJLOW=JMIN ,2) EQy 2) GO TO 3U
IF (MOD{JMAX=JUP 2} oNE. 0) GO 7O 60
CONTINUE
ONLY ONE HESH REFENEMENT POSSIBLE.
0D 40 IsIMIN, IHAX
X{Y) = XMID{I}
CONTINUE
DO 50 J=JMLNy JMAX
Y{J) = YHIDC(J)
CONTINUE
RETURN
ALL POINTS ARE ODD 5D CUT AGAIN,
CONTINUE
K = IMIN = 1
DO 70 I=IMIN,IHAX,2
K=K+l
X{K) s XMID(I)
CONTINUE
TMAX = (IRAX=IMIN} * o5 + IMIN
CALL ISLIT € x )
K = JHIN = 1
JE = JLOW =1
DD 75 JeJMIN,JES2
KeK+1
Y{(K} = YHID{J)
CONTINUE
JST = JUP 4 1
00 80 J=JST,JHAXs2
Km K41
Y{K) = YMiD(J}
CONTINUE
JEAX & (JPAX~=JHIN) ® o5 + JMIN
CALL JSLIT ¢ Y )
IREF » 2
RETURN

END

cutaur
CyTouT
cuTout
cutouT
cutour
curouy
CuTout
cuTout
cutour
cuTouT
cutauy
cutouy
cutaur
cuTout
cuTaurt
cuTouT
CuTouT
cutout
CuTOuT
cutour
CuTouT
cuTauT
cuTauT
CUTOUT
cutout
cutout
cuTouT
cuTaut
curaut
CuToUT
CuTOUT
cuTouT
CuTuT
cutour
cutaur
cyTouT
cutaur
cutour
cuToyT
cutaut
cuTouT
cuTour
cutoul
cyTouT
CuTouT
cutout
cuTouT
CuTouT
cuTout
cuTout
cuTout
cuToUuT
cuTouT
cutout
cuTout
cuTOuY
CuTOUT
cutaut
cutouT
curaut
cuTaut
CuTouT
cutouT
cutouT
cuTouT
cutour
cutouT
CUTOUT
cutaut
cuTauTt
cutour
cutaur
CuTaUT
cuTout
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SUBROUTINE DIFCOE

COMPUTE DIFFERENCE COEFFICIENTS IN FIELD

CALLED BY = TSFDIL.

COMNOR P(102,10115X(100) » Y(10OJ

COMMON / COML1/ IMIN » IMAX » LUP | » IDOWN » ILE »
1 ITE » JHIN » JRAX s JUP s JLOW ]
2 JTOP » JBOT

COMMON / COM2/ AK » ALPHA » DUB » GAMl » RTK
COMMON /7 COMS/ XDIFF(L00}»YDIFF(100) )

COMMON / COMY7/ CJUP » CJUPL , CJLOW » CILOWL

COMMON /CDM17/ CYYBLC » CYYBLD » CYYBLU , CYYBUC , CYYBUD
1 CYYBUU  ,FXLBC(1001,FXUBC(100)

CONMON /COM22/ CXC(100) » CXL(100)s CXR{10Q}» CKXC(100),CXXL(100]»
1 CXXR{100)s C1{100}

COMHMON 7CDM237 CYYC(100)s CYYD{100),CYYU(100), [VAL

COEFFICIENTS FOR {P)X AND (P)XX AT IMIN

CXXL{IMIN) = 0.0

CXXR(IMIN) = 040

CXXCUIMIN) = 040

CXL {IFIN) = Do}

CXR (IKIN} w (o0

CxC (IMIN) = O

o0
COEFFICIENTS FOR (P)X AND (P)XX FROM I=IMIN#1 TO I=IMAX-1
C2 = GAMLl*s5

ISTART

= IMIN¢1

TENDsIMAX=-1

DO 1 1=ISTART,IEND
OXLeX(I)=X(I=1}
DXR=X{I+1)=X(I}

OKC = o5 4 (X(I41) ~ X(I=11}

FOR VC
Cltis AK/DXC
FOR {(P}X
CXL(I} = =C2 /7 (DXL*DXC)
CXR(I) = C2 / (DXR*DXC)
CXCLI) » =CXL(I) = CXRLI)
FOR (P)XX
CXXL{I} = 1.0 7/ DXL
CXXR(I) = 140 7/ OXR
CXXC{1) = CXXL(I} #+ CXXR(I}
CONTINULE
COEFFLCIENTS FOR (PIX AND {P)XX AT IMAX
DX = X(CINAX) = X{IMAX~1)

Q = 1,0 / (0DX*DX)
Cl{IHAX) = AK 7 DX

CXLUIMAX)
CXRULIMAX) =

= ~C2 *Q
c2 * o

CXCUIMAX) = 0.0

CXXLUIMAXY =
CXXR{IMAK) =
CXXCC(IMAX) »

le0 /7 OX
leQ 7 OX
CXXLUTHAX) + CXXR{IHAX)
COEFFICIENTS FOR (P)YY AT JMIN,

OYU = Y(JHIN+1) = Y{(JHIN)
CYYD(JMIN) ~ 2.0 7 OYU
CYYUCJHIN) « 247 (DYU*DYV)
CYYCC(JMIN) = CYYULJHIN}
COEFICIENTS FOR (PIYY FROM JeJMIN+l TO J=JHAX=1

JSTART

= JMIN ¢ 1

JEND®JHAX=1

DD 2 JsJSTART,JEND
DYD=Y{J)=Y{J=1)
DYUsY{J*l)=Y{J}
DYCaY(J¢L)=Y{J=1}
CYYD(J) =24/ (DYD®DYC)
CYYULJI=2.7(DYUSDYC)

cYyYe(d)

= CYYDUI) + CYYULJ)

CONTINUE

COEFFICIENTS FOR (PIYY AT JHAX.

DYD = Y{JHAX} = Y{JHAX=l)}
CYYD{JHAX) = 2,/(0YD*DYD)
CYYULJHAX] = 2./70YD
CYYCUJMAX) = CYYDUJMAX)

COEFFECLIENTS FOR VELOCLTY FORMULAS

ISTART
00 3 1

= IMIN ¢+ 1
= ISTART, [MAX

XOIFFUI} = LloZiXUI) = X{I=1}}
CONTINUE

JSTART
Do 5 J

= JHIN ¢1
= JSTART » JHAX

YDIFF{J} = lo/7LY{) =~ YUI-1))

DIFCOE
OIFCOE
DIFCOE
DIFCOE

OIFCOE
DIFCOE
DIFCOE
DIFCOE
DIFCOE
DIFCOE
DIFCDE
DIFCOE
DIFCOE
DIFCOE
DIFCOE
DIFCOE
DIFCOE
DIFCOE
DIFCOE
DIFCOE
DIFCOE
DIFCOE
DIFCUE
OIFCOE
DIFCOE
DIFCOE
DIFCOE
DIFCOE
DIFCOE
DIFCOE
DIFCOE
DIFCOE
OIFCOE
DIFCOE
OIFCOE
O1FCOE
DIFCODE
DIFCOE
DIFCOE
DIFCOE
DIFCDE
DIFCOE
DIFCOE
OIFCOE
OIFCOE
DIFCOE
DIFCOE
OIFCOE
DIFCOE
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CONTINUVE

C COEFFICIENTS FOR EXTRAPOLATION FORMULAS FOR AIRFOIL SURFACE PROPERTIES

ana

ana

lslaXaka)

i

CILOW & =Y(JLON~1) 7 CYCJLOND = YEJLOW=1))

CILONL = =YC4LO4D 7 (YEILDN) = YIJLDW-22)

CJUP  » Y(JUP#1) 7 (Y(JUP4L) = Y(JUP))

CJUPL  » YUJUP}  / (Y{JUP+1} = Y(JUP))
COMPUTE SPECIAL DIFFERENCE COEFFICLENTS FOR PYY
TO USE FOR AIRFOIL BOUNDARY CONDITION
OLFFERENCE COEFFICIENTS FOR UPPER SURFACE

CYYBUD » =24/ (YCJUP+L) + YLJUPY)

CYYBUC » =CYYBUD / (Y(JUP+L) = Y(JUP))

CYYBUU » CYYBUC
DIFFERENCE COEFFICIENTS FOR LOJER SURFACE

CYYBLUR=2.0/(YLJLON) + Y(JLON=1))

CYYBLC = CYYBLU / (Y{JLON) - Y{JLOW=1])

CYYSLD » CYYBLC

RETURN

END

FURCTION DRAG(CDFACT)

- COMPUTES PRESSURE ORAG BY INTEGRATING Ley ARGUND
AIRFOIL USING TRAPEZOOIAL RULE.
CALLED BY - CDCOLE.

COMMON P{102,1011»X(100) » Y{l00)
COMMON 7 COML/ IMIN » IMAX » ILP » [DOWN , ILE ’
17€ » JHIN > JHAX » dUP y O »

» JBOT

2 JT0P
COMMON 7 COM&/ FLI1CO) » FXLI2DU), FULL00) » FXU{100),
1

CANBER(100)» THICK{130),VOL » XFOIL(100), IFOIL

COMMON 7 COAM?/ CJuP » CJUPL » CJLOW , CJLOWY
CDHMON /COM30/ XI{100) » ARG(IUO) » RESTI204)
Kl

ARG(1} = Do

XI(1) = x{1lLE=1}

00 10 I = ILE,ITE

K = K4l

PRUP = CJUPOPX(L;JUPY = CJUPLEER{I,JUP+L)
PXLOW ® CJLOW#PX(I,JLOW) =~ CJLOWL*PX{I,JLOW=1}
ARGEK) ® FXU{K=L)*#PXUP = FXL{K~L)#PXLOW
XItK) = xt1)

CONTINUE

Ks K +1

ARGLK) = Qs

XI(K) = XCITE+L)

CALL TRAP(XL; ARGsKsSUN)

DRAG = = SUMNCDFACT#Z,

RETURN

END

SUBRDUTINE DROOTS
- CONPUTE CONSTANTS ALPHAO,APLHALs ALPHA2,0MEGAG, OMEGAL
OHEGAZ USED IN FORMULA FOR DOUBLET IN SLOTFED WIND
TUNNEL WITH SUBSONIC FREESTREAM
CALLED BY = FARFLD,.

COMMON sCOM127 F » HALFPL , PI » RTKPOR
1 0P [

REAL JET

CONHON /COM16/ ALPHAC 5 ALPHAL ».ALPHAZ , XSING »

1 OMEGAO  , OMEGAL » OMEGA2 , JET

ERROR = 400001
COHPUTE ALPHAD
ALPHAD » 0.
DD 10 I = 3,100
TENP = ALPHAQ
Q s FATEMP = RTKPOR
ALPHAC = HALFPI ~ ATAN{Q)

OIFCOE
OIFCOE
DIFCOE
DIFCOE
DIFCOE
DIFCOE
OIFCOE
DIFCOE
OLFCOE
OIFCOE
DIFCODE
DIFCQOE
DIFCOE
DIFCQE
DIFCOE
ODIFCOE
DIFCDE
DIFCDE
DIFCDE
DIFCOE

DRAG
DRAG
ORAG
ORAG
ORAG
BLANK
conl
camy
COM1L
COHe
COMe
comMy
ORAG
ORAG
DRAG
DRAG
ORAG
DRAG
DRAG
ORAG
DRAG
DRAG
DRAG
DRAG
DRAG
ORAG
DRAG
DRAG
DRAG
ORAG
DRAG

DRODTS
OROOTS
oROQTS
DRUDTS
DROOTS
DROOTS
comM12

coMiz

COoMle

[{:LFCY

CONls

DROOTS
DROOTS
QROQTS
DRBOTS
DROOTS
OROQTS
DROOTS
DROOTS
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20

25

30

35

cr
9999

oo

1000

1

o

2

o

3

-3

100
101
110

DALPHA = ABS{ALPHA) = TEMP)
IFCDALPHA oLT. ERROR) 60 TO 15
CONTINUE
R =0
GD 70 9999
CONTINVE
COHPUTE ALPHAL
ALPHAL = 0.
00 20 1 = 1,100
TEHP = ALPHAL
Q = F+(TEMP ~ PIl ~ RTKPOR
ALPHAL = HALEPI =~ ATAN{Q
OALPHA = ABS(ALPHAL = TEMP)
IFCDALPHA +LT. ERROR) 6D TD 25
CONTINUE
N el
G0 TO 9999
CONTINUE
COMPUTE ALPHAZ
ALPHAZ = Do
00 30 I=1,100
TEMP = ALPHA2
Q = F¢(TEMP - TWOPI) = RTKPOR
ALPHA2 = HALFPI = ATAN(Q)
DALPHA = ABS(ALPHA2 = TEMP)
IF(DALPHA +LTs ERROR} GO TO 35
CONTINVE
N w2
6D 7O 9999
CONTINUE
COMPUTE OMEGAO»OMEGAL,OMEGA2
TEMP = 140 / TAN{ALPHAO)
OMEGAD = le/{le + F/llet TEMP*TEHP))
TENP @ 1,0 7 TANCALPHAL)
OMEGAL = le/tla ¢ Fllle + TEMPSTENPI)
TEMP » 140 / TAN{ALPHA2)
OMEGAZ = le/{)le + F/(le + TEMPOTEMP)}
RETURN
ABNORMAL STOP IF ITERATION FOR ALPHAS NOT CONVERGED
CDNTINUE
WRITE(651000} N
FORMAT(35HIABNORMAL STOP IN SUBROUTINE DROOTS/
1 38HONONCGNVERGENCE OF ITERATION FOR ALPHA» IL)
sTOP
END

SUBRGUTINE ECHINP
PRINTS INPUT CARDS USED FDR RUN.
CALLED BY = TSFOIL,
OIMENSION  CRD(8B)
WRITE (6,110)
CONTINUE
READ (5,100) CRD
YES» NO
IF {EOFI31) 30,20
CONTIRUE
WRITE (6,101) CRD
60 T0 10
CONTINUE
RERIND 5
RETURN

FORMAT{BALO)
FORMAT(1XsBAL0)

FD;?;I(1le48X;3!HL!STING GF INPUT CARDS FOR THIS RUN/&9X,35(1d4%)

END

“DROOTS
DROOTS
DROQTS
DROQTS
DRODTS
DROOTS
DROOTS
OROOTS
DROOTS
DRODTS
OROQTS
DROOTS
DROQTS
ORDOTS
ORODTS
DROJTS
DRUGTS
DROOTS
ORUOTS
DRUDTS
ORODTS
DROOTS
DROOTS
DROQTS
DROOTS
DRODTS
0ROOTS
DROOTS
DRODTS
DRUDTS
DROBTS
DROBTS
DROOTS
DROOTS
ORAOTS
BROOTS
ORDOTS
OROOTS
DROOTS
DROOTS
OROOTS
OROOTS
ORQATS
DROQTS
DROOTS

ECHINP
ECHINP
ECHINP
ECHINP
ECHINP
ECHINP
ECHINP
ECHINP
ECHINP
ECHINP

ECHINP
ECHINP
ECHINP
ECHINP
ECHINP
ECHINP
ECHINP

ECHINP

ECHIN?

ECHINP

ECHINP
ECHIRP
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FUNCTION EMACHLIU)
FUNCTION EMACHL COMPUTES LOCAL SIMILARTY PARAMETER
OR LOCAL MACH NUMBER

CALLED BY = MACHHP, PRINT1, PRTFLODs
COMMON / COM2/ AK » ALPHA » DUB » GAMl » RTK
LOGICAL PHYS
INTEGER PRTFLO » SIMUEF
COMHON /COR27/ CL » DELTA » DELRTZ » CEHACH » EHMROOT
1 PHYS » PRTFLO 4 SIMDEF » SONVEL » VFACT )
2 YFACT

COMPUTE SIMILARITY PARAMETER BASED ON LUCAL VELOCITY
AKL = AK = GAM1l®U
IF{PHYS) GO TO 5
RETURN VALUE OF LOCAL SIMILARITY PARAHETER
EMACHL = Akl
RETURN
CONTINUE
COMPUTE VALUE OF LOCAL MACH NUMBER AND RETURN
COLE SCALING
ARG = DELRT2%AK1
SPRELTER SCALING
IF(SIHDEF ¢EQe 2) ARG = ARG*EMROOT*EMROOT
KRUPP SCALING
IFISIMDEF «EQe 3) ARG = ARGH*EMACLH
ARG = i1 = ARG
EHACHL = 0.
IF{ARG «GTe O¢)EMACHL = SQRTUARG)
RETURN
ERD

SUBROUTINE EXTRAP(XP,YPyPNEW)
COMPUTE P AT X» YP USING FAR FIELD SOLUTION
FOR SUBSONIC FLOW
CALLED BY = GUESSP.

COHMON /7 COM2/ AK s ALPHA » DuB » GAMl » RTK
COMMON /COM12/ F » H » HALFPI , PI » RTKPOR
1 TWOPI

COMMON /COM15/ 8 » BETAO » BETAL » BETAZ » PSIO »
1 PSI » PSI2

REAL JET

COMMON /COMl6/ ALPHAY » ALPHAL » ALPHA2 , XSING »

1 OMEGAQ s OMEGAL » DMEGAZ » JET

INTEGER B8CTYPE

COMFON /COM287 BCTYPe » CIRCFF 5 FHINV » POR » CIRCTE

IFIBCTYPE eNEe L)} GO TO 100
FREE AIR BOUNDARY CONDITION
TF{ABS(YP) oLTe 1leE~6) YP = =14E=6
XI = XP = XSING
ETA = YP4RTK
PNEW = = CIRCFF/TWOPI*®(ATAN2(ETA,XI) ¢ PI = SIGNIPI,ETA))
1 + DUB /TWOPI/RTK®{XI/Z(XI*XI + ETA¥ETA))
RETURN
CONTINUE
TUNNEL WALL BOUNDARY CONDITION
ETA = YP/H
XI = (XP = XSING)/(dA*RTK)
TF(XI +LTe Go) GO TO 200
XP IS DOWNSTREAM OF ALRFOIL
TERM » ETA
IF{BCTYPE oNEes 3) TERHM = SIN(ETA®BETAJI/BETAD
PREW w = 454CIRCFF*(ls = SIGN{lesETA)

1 + (1le=JET)}*PSIOSTERM*EXP(-BETAO®XI) )
t 2 + DUB %5/ (AK*H)I* (B + OMEGAO¥COS(ETA*ALPHAD)
3 SEXP{=ALPHAJ*XI)}
RETURN
CONTINUGE -
XP IS UPSTREAM OF AIRFOIL
TERM = 0.

IF{JET oNEe Oo) TERM = JETHETA/{le+F)

ARGl = PI = ALPA2

ARG2 = P] = BETA2

PNEW = =¢5%CIRCFF*({lo=TERM=PSI2*SINIETA®ARG2)/ARG2¥*EXPIARG2¢XI))
1 =e5%0UB /{AK#H)? ((1o=B)+*0OHEGAL*COS(ETA®ARGLI*EXP(XI*ARGL))
RETURN
END

EMACHL
EMACHL
EMACHL
EHACHL
EMACHL

EMACHL
EMACHL
EMACHL
EMACHL
EMACHL
EMACHL
EHACHL
EMACHL
EMACHL
EMACHL
EHACHL
EMACHL
EMACHL
EHACHI
EMACHL
EMACHL
EMACHL
EMACHL
EMACHL
EMACHL

EXTRAP
EXTRAP
EXTRAP
EXTRAP
EXTRAP
coMz
caMl2
COH12
COM15
CaM15
coKie
coML6
COM16
coMnze
coNze
EXTRAP
EXTRAP
EXTRAP
EXTRAP
EXTRAP
EXTRAP
EXTRAP
EXTRAP
EXTRAP
EXTRAP
EXTRAP
EXTRAP
EXTRAP
EXTRAP
EXTRAP
EXTRAP
EXTRAP
EXTRAP
EXTRAP
EXTRAP
EXTRAP
EXTRAP
EXTRAP
EXTRAP
EXTRAP
EXTRAP
EXTRAP
EXTRAP
EXTRAP
EXTRAP
EXTRAP
EXTRAP
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SUBROUTINE FARFLD
SUBROUTINE COMPUTES BOUNDARY DATA FGR OUTER
BOUNDARIES e
CALLED BY = TSFOIL.

COMMON / COML/ IMIN » INMAX » IUP s I0OWN 5 ILE »
ITE » JHIN 2 JHAK » JUP s JLOW »

2 $70P » JBOT

COKMON 7 COM2/7 AK » ALPHA , DUB v GAM] » RTK

LOGICAL AMESH

COMHON /7 COM&/ XIN(100) » YEINC10G), AMESH

COMMON /COM127 F s H » HALFPL , PIL » RTKPOR »
1 TWOPI

COMMON /COM15/ B » BETAO » BETAL , BETA2 » PSI10Q »
1 PSIl » PSI2

REAL JET
* COMHON /CDH16/ ALPHAD » ALPHAL , ALPHAZ 5 XSING ’
1 OHEGAQ » OHEGAL

o

» OMEGAZ2 , JET

COMMON /COM24/ DTOP(16Q)» DBOT(100),DUP(100), DDOWK(LQ0),

1 VTOP(100), VBOT{100),VUP(100), YDOWN(L00}

INTEGER BCTYPE

COMMON /COM26/ BCTYPE » CIRCFF , FHINV , POR » CIRCTE
TEST FOR SUPERSONIC OR SUBSORIC FREESTREAM

IFCAK «GTe 0a) GO TO 99

IF (F 4NEe 0eQ oANDs H oNEs 040) GO TD 10

FHINV = 1,0

RETURN

CONT [NUE

FHINV = 1,0 7 (F * H)

SUPERSONIC FREESTREAM

UPSTREAM BOUNDARY CONDITIODNS CORRESPOND TD UNIFORM

UNDISTURBED FLOW

DOWNSTREAN BOUNDARY REQUIRED TO BE SUPERSONIC

TOP AND BOTTOM BOUNDARIES USE SIMPLE WAVE SOLUTIONe

RETURN

CONTINUE
SUBSONIC FREESTREAM
FUKCTIONAL FORM OF THE POTENTIAL ON OUTER BOUNDARIES
IS PRESCRIAEDe EQUATIONS REPRESENT ASYMPTOTIC FORM
FOR DOUBLET AND VORTEX IN FREE AIR AND WIND TUNNEL
ENVIRONMENTs OOUBLET AND VORTEX ARE LOCATED AT
XeXSINGs Y=0s
ACTUAL BOUNDARY VALUES ARE SET IN SUBROUTINES RECIRC
AND REOUB WHERE THE FUNCTIONAL FORMS ARE MULTIPLIED
8Y THE VORTEX AND DOUBLET STRENGTHSs THE BOUNDARY
CONDITIONS ARE CALCULATED HERIN FOR THE INPUT X AND
Y MESH AND VALUES ARE DELETED FOR THE CDARSE MESH IN
SUBROUTINE SETBC.
SET LOCATION OF SINGLULAR VORTEX AND DOUBLET

XSING = 5

o o SET DEFAULT VALUES FOR TUNNEL WALL PARAMETERS

= O

OHEGAD = 1.

OMEGAL = 1,

OMEGA2 = 1,

JET = 0.

PSIO = 1.

PSI1 = 1,

PSI2 = 1,

BRANCH TO APPROPRIATE FORMULAS DEPENDING ON BCTYPE
GO0 TO (100,200, 300,400, 300,600} BCTYPE
CONTINUE
BCTYPE =
FREE AIR BOUNDARY CONDITION
SET BOUNDARY ORDINATES
YT » YINIJMAK)}*RTK
YB = YIN{JHINI*RTK
XU = XIN(IMIN) - XSING
XD ® XINCIMAX) = XSING
YT2 = YTery
YB2 = YB#YD
XU2 = Xu#xu
XD2 = XDeXD
COEF1l = 1,/TWOPI
COEF2 = 140/(TWOPI*RTK)
COMPUTE DOUBLET AND VORTEX TERMS ON TOP AND BOTTOM
BOUNDARIES.
DO 110 I=IMINs IHAX
XP e XIN(I}) = XSING
XP2 = XP#XP
OTOPULE = XP/{XP2 + YT2}4CDEF2

FARFLD
FARFLD

COHl6
COMLe
COMZ24
conz4
CQMz8
CoM28
FARFLD
FARFLD

FARFLD ~

FARFLD
FARFLD
FARFLO
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLO
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARF LD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
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110

3co

400

500

DBOT(I) = XP/{XP2 + YB2)+COEF2
VIOPLI) » ~ATAN2{YT,XP)*COEFL
VBOT(I} = =(ATAN2(YB,XP) 4 TWOPI)*COEF1
CONTINUE
COMPUTE DOUBLET AND VORTEX TERNS ON UPSTREAM
AND DOWNSTREAM BOUNDARIES
DO 120 JeJMINs JHAX
YJ = YINCJ)#RTK
Yd2 = Yievd
DUP{J)} = XUZIXU2 + YJ2)¢CDEF2
DDOWN(J} = XD/(XD2 + YJ2)*COEF2
Q e Pl = SIGN{(PI,YJ}
VUP(J) = =(ATAN2(YJsXU) & QI#COEFL
VDOWN{J) = ={ATAR2(YJ» X0} + QI*COEF1

CONTINUE
IF CAK oGTe 040) CALL ANGLE
RETURN
COMPUTE WALL CONSTANTS FOR VARIOUS WIND TUNNEL
CORDITIONS.
CONTINUE
BCTYPE = 2
SOLID wWALL TUNNEL
POR = 0,
SET CONSTANTS FOR DOUBLET SOLUTION
B = .5
ALPHAC = PI
ALPHAL = PI
ALPHAZ = PI

SET CONSTANTS FOR VORTEX SOLUTION
BETAD = HALFPI
BETAl = HALFPI
BETA2 = HALFPI

60 T0 700

CONTINVE
BCTYPE = 3
FREE JET

F = 04

RTKPOR = 0O

SET CONSTANTS FOR DOUBLET SOLUTIOR
ALPHAD » HALFPE
ALPHAL = HALFPI
ALPHA2 = HALFPL
SET CONSTANTS FOR VORTEX SOLUTION
JET = o5
BETAQ = Q.
BETAl = Q.
BETA2 = Q4
GO TO 700
CONTINUE
BCTYPE = &
IDEAL SLOTTED WALL
RTKPOR = 0o
FHINV = 140 7/ ¢ F ¢ H )
SET CONSTANTS FOR DOUSLET SOLUTION
call DROOTS

SET CONSTANTS FOR VORTEX SOLUTION
JET = o5
CALL VROOTS
60 To 700
CONTINUE
BCTYPE o 5
IDEAL PERFORATED/POROUS WALL

F = 0

RTKPOR = RTK/POR
SET CONSTANTS FOR DOUBLET SOLUTION

ALPHAQ = HALFPI = ATAN(=RTKPOR)

ALPHAL = ALPHAQ

ALPHAZ = ALPHAQ
SET CONSTANTS FOR VDRTEX SOLUTION

BETAO = ATAN(RTKPOR}

BETAl = BETAO

BETA2 = BETAL

60 TO 700

CONTINUE
BCTYPE = 6
GENERAL HOMOGENEOUS wWALL BOUNDARY CONDITION
BOUNDARY CONDITION IS. NOT OPERABLE YET IN FINITE
DIFFERENCE SUBRODUTINESe
FAR FIELD SOLUTION HAS BEEN DERIVED AND IS INCLUDED
HERE FOR FUTURE USE

RTKPOR = RTK/POR

CALL DROOTS

CALL VRDQOTS

WRITE(8,1000)

1000 FORMATC(ISHIARNARMAL STOP IN SUBRDUTINE FARFLD/
1

24H BCTYPE=6 IS NOT USEABLE)

FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
EARFLD
FARFLD
FARELD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLO
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLO
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLOD
FARFLD
FARFLD
FARF LD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLC
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLO
FARFLD

155
156

158
159

161
162
163
164

T00

Xz

720
c

T4C
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STOP
CONTINUE
COMPUTE FUNCTIONAL FORMS FOR UPSTREAM AND DOWNSTREAM
BOUNDARY CONDITIDNS FOR OOUBLET AND VORTEX
XU = (XINUININ) = XSING)/(RTK#H)
XD = (XINCIMAX) = XSENG}/IRTK*H)
DOUBLET TERMS
COEF1 = o5/AK/H
ARGO = ALPHAD
ARGl = PI = ALPHAL
ARG2 = TWOPI - ALPHA2
EXARGY = EXP{=ARGO#XD)
EXARGL = EXP(ARGl*XU)
EXARG2 = EXP{ARG2#XU}
00 720 J « JMINyJMAX
Yd = YINGJ) / H
DOOWN{J) = COEF1#(8 + GMEGAQ*COS(YJ*ARGO)*EXARGY}
OUP(J} = =COEF1*((1,=B)*OMEGAL&COS{YJ*ARGLI*EXARGL +
1 OMEGA2¢COS{YJ*ARG2)*EXARG2Z)
CONTINUE
VORTEX TERMS
ARGO = BETAQ
ARG = PI ¢ BETAL
ARG2 = PI - BETA2
EXARGO = EXP(=ARGO*XD)
EXARGY = EXP(~ARG1*XD)
EXARG2 = EXPIARG2#XU)
DO 740 J = JMIN, JMAX
YJ = YINW) 7 H
TERM = YJ
IF (JET 4€Q¢ 040) TERM = SINUYJ*ARGO) / ARGO
VDOWN{J) = =45%{1e =~ SIGN(LlesYJ) + {le = JET)®PSIO*TERM¥EXARGD ¢
1 PSIL¢SIN{YJ®ARGL)*EXARGL/ARGL)
TERM = 04
IF (JET oNEo 040) TERA = JET # YJ 7 (1.0 + F)
VUP(J) » =,5#{1, = TERH = PSI2#SIN{YJ#ARGZI®EXARG2/ARG2)
CONTINJE
RETURN
END

SUBROUTINE FINOSK{LSTART,IEND»J» ISK)
SUBROUTINE LOCATES SHOCK WAVE ON LINE J BETWEEN
ISTART AND IENDs SHOCK 15 LDCATED AT SHOCK POINT.
IF NO SHOCK FOUND, ISK IS SET NEGATIVE.
CALLED BY = CDCDLE.

LOGICAL PHYS

INTEGER PRTFLO  » SIMDEF

COMMDN /COM277 CL » DELTA , DELRT2 , EMACH , EMROOT
PHYS » PRTFLOD , SIMDEF , SONVEL » VFACT
YFACT

ISK = ISTART -1

U2 = PX{I5KsJ)

ISK = ISK + 1

ul = u2

U2 = PX{ISKsJd)

IF(UL o+GTo SONVEL «ANDe U2 oLEs SONVEL) GO TO 10
IF (ISK oLEe IEND) GD TO 5
ISK = = IEND

CONT INUE

RETURK

END

SUBROUTINE FIXPLT

SETS UP ARRAYS FOR SUBROUTINE CPPLOT.
CALLED 8Y ~ PRINT.

COMRON

P{102,101),X{1000 , Y(100)
COMMON 7 COM1/ THIN s IMAX
ITE

» IUP » IODWN , ILE »
» JHIN » JLOW »
JTOP » JBOT
CUMMON /COML3/ CDFACT » CLFACT , CHFACT , CPFACT » CPSTAR
COMMON /COM25/ CPL(100} » CPU(lOO}

1 » JHAX » JUP
2

FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD

- FARFLD

FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARFLD
FARELD
FARFLD
FARFLD
FARFLD

FINDSK
FINDSK
FINDSK
FINDSK
FIRDSK
com2?

comnz?

come?

com27

come?

FINDSK
FINDSK
FINDSK
FINDSK
FINDSK
FINDSK
FINDSK
FINDSK
FINDSK
FINDSK
FINDSK

FIXPLT
FIXPLT
FIXPLT

-
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COMMON /COM30/ CPUP(101), CPLO(101) , CPS(101) , XP(101)

YHX » 5,¢CPFACT

YMN = ~5,«CPFACT
K=Q

DO 150 I = IMIN,IMAX
K= K+

QCP = =CPU(I)

QCP = AMAX1(QCP, YNN)
QCP = AHIN1(QCP,YHX}

CPUP(K) = cCP

QCl = ~CPLII)

QC1 = AMAXL{QCl, YHN)
Q€1 = AMINL(QCL,YMX)
CPLOIK) = QC1

QC2 = =CPSTAR

0C2 = AMAX1(QC2yYMN)

*QC2 = AMINL{QC2, YHX)
CPS(K) = aCc2

XP{K) = X{I}

150 CONTINUE

sl tataXaXaXatatal

on

20

X5

205

&

IMP o K ¢+ 1

CPUP(IHP) = YHX

CPLOCLIKP) = YMN

CPSCIMP) = 040

XP{INP) = X{IMAX) + 001

CALL CPPLDT (XP, CPUP, CPLOs CPS, IMP)
RETURN

END

SUBROUTINE GUESSP
SUBROUTINE INITIALIZES P ARRAY AS FOLLOWS
PSTART = 1 P SET TO ZEROD
PSTART = 2 P READ FROM UNIT 7
PSTART = 3 P SET TO VALUES IN CORE
IF PSTART = 2 OR 3, SOLUTION IS INTERPOLATED FRQM
XOLD, YOLD TD Xy¥
BOUNDARY CONDITIONS FOR P 1IN OUTER BOUNDARIES ARE
AUTOHATICALLY SET DURING INITIALIZATION
CALLED 8Y = TSFOIL,

COHMON P(102,101),X(120) , Y(100)
CGMMON / COM1/ IMIN » IMAX s Iup » IDONN ,» ILE
1 ITE » JMIN s JHAX » JUP » JLOW
Jrae » JBOT
COMMON 7 COM2/ AK » ALPHA , DUB » GAML s RTK
LOGICAL ABORT
COMMON 7 COM3/ IREF s ABORT » ICUT s KSTEP
LOGICAL ARMESH
COHHON / COM&4/ XINC100) » YIN(10O)}, AMESH
INTEGER PSTART
LOGICAL PSAVE
COMMON /COMLL/ ALPHAG , CLOLD , DELTAD , DU8O » EMACHD
IHIND s> IMAXO , IMAXI » JHIND » JHAXD
2 JHAXT » PSAVE » PSTART , TITLE(8), TITLEO(B),
3 vVOLo » XOLD(100)5YOLD(100)
COMMON /7COM13/ COFACT » CLFACT , CMFACT , CPFACT , CPSTAR
INTEGER BCTYPE
COHHMON /COM28/ BCTYPE » CIRCFF , FHINV , POR » CIRCTE
COMMON /COM30/ PT(LO0) , REST{304}

- BRANCH TO APPROPRIATE LOCATION
GO TO ¢ 2005 300, 430} , PSTART
CONT INUE
PSTART = L
P SET TD ZEROD
DO 205 I=1,101
D0 205 J=1,102
PLJ,I) = 0O,
CONTINUE
OUB = 0,
CIRCFF = Q,
CIRCTE=D40
RETURN

300 CONTINUE

PSTART = 2

Ps X» Y ARRAYS READ FROM UNIT 7 EN SUBROUTINE READIN

TOGETHER WITH INFORMATION ABOUT OLD SOLUTION

FIXPLT
FIXPLT
FIXPLT
FIXPLT
FIXPLT
FIXPLT
FIXPLT
FIXPLT
FIXPLY
FIXPLT
FIXPLT
FIXPLT
FIXPLT
FIXPLT
FIXPLT
FIXPLT
FIXPLT
FIXPLT
FIXPLT
FIXPLT
FIXPLT
FIXPLT
FIXPLT
FIXPLT
FIXPLT
FIXPLT
FLIXPLT
FIXPLT
FIXPLY

GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
BLANK
camML
CoHl
cauy
camz
Ccom3
COoM3
COH4
CON4
COHl1
CoMLl
COM11
COM11
conMil
comMil
CoM13
CoH28
COH28
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP

LN RN NE Ry 9

10
11
12

WRHNRNNCULIURNURNBRR S WS R

400 CONTINUE
4

ana coo

I XaXadsl

aon

coo

coo

laXaXzkal

455

46

470

48C
490
500

-

PSTART = 3

ARRAYS FROM PREVIOUS CASE ARE ALREADY IN P, XOLD,YOLD ’

DUB = DuBO
CIRCFF = CLOLD/CLFACT
CIRCTE=CIRCFF

FOR PSTART = 2 OR 3, OLD P -ARRAY ON XOLD, YOLD MESH

MUST BE INTERPOLATED ONTO NEW X Y MESH.

INTERPOLATE P FROM XOLD» YOLD TO X, YOLD
CHECK TO SEE IF XOLD AND XIN ARE THE SAME MESH
IFUINAXT oNEe IMAXZ) GD TD 450
00 410 I=IBIN, IMAXI
TEST w ABS{XIN(1) = XOLD(I)}
IF(TEST ¢GTo 40001} 6O TD 450
CONTINUE
XIN AND XOLD ARE SAME HESH.
P ARRAY MAY BE INTERPOLATED BY SIMPLE DELETION OF
VALUES AT MESH POINTS DELETED IN SUBROUTINE CUTQUT
IF IREF +LEe ZERDs NO INTERPOLATION IS NEEDED
IF(IREF +LEe 0) GO TO 500
ISTEP o 2+IREF
DD 430 J = JMINO,JHAXOD
INEW = ¢
00 420 [ = IMINO,IMAXD,ISTEP
INEW = INEW + 1
PG, INEW) = PLU, IV

CONTINUE

CONTINUE
INTERPOLATION IN X DIRECTION COMPLETE IF XIN AND
XOLD ARE THE SAME.

G0 TO 500

CONTINUE

INTERPOLATE FROM XOLD TO X FOR ARBITRARY CASE
00 490 J = JMINDs, JMAXOD
YP = YOLDUJ)

IF{XP oLTe XOLD(IMINO)) GO TO 470

IF{XP +6Ts XOLDUIMAXQ)) GO TO 470
NEW X MESH POINT WITHIN RANGE OF BLD X MESH
FIND VALUE DF XOLD +GTe XP

X2 = X0LD(1)

K=0

K e K +1

X1 = x2

X2 = XOLD(K)

IF (X2 oLTe XP) 6O TO 455
IF (X2 +GTe XP} GO TO 460
PTLI} = P(JyK)

GO0 TO 475

CORTINUE

Pl = P{JyK-1)

P2 = P(JyK}

PT(I} » Pl + (P2 = P1)/IX2 = X1) * (XP = X1)

GO TO 475

CONTINUE
NEW X MESH POINT .IS OUTSIDE RANGE OF OLD X MESH
FOR SUPERSONIC FREESTREAM SET Pe0p, FOR SUBSONIC
FREESTREAM» EXTRAPOLATE USING FAR FIELD SOLUTIGN

PT(I) = 0,

TF{AK oGTe Oe} CALL EXTRAPIXP»YPsPT(I))
CONTINUE
WRITE NEW VALUES FOR P INTD P ARRAY
00 480 I = IMIN, IMAX
P(Js1) = PTHI}
CORTINUE
CONTINUE
CONTINUE
INTERPOLATE FROK X,YOLD TD X,Y
CHECK TO SEE IF YIN AND YOLD ARE THE SAME MESH

IF{ JHAXT oNEs JMAXQO) GO TO 550

DO 510 J = JHMIN, JMAXI]

TEST = ABS(YIN(J) = YOLO(J))

IF(TEST «6Ts «0001) 60 TO 550

CONTINUE
YIN AND YOLD ARE THE SAME MESH
P ARRAY MAY BE INTERPOLATED BY SIMPLE DELETION OF
VALUES AT MESH POINTS DELETED IN SUBROUTINE CUTOUT
IF IREF oLEe ZERDs NO INTERPOLATION IS NEEDEOD

IFUIREF +LE. 0) GO TD 600

JSTEP =« 2#IREF

0D 530 I= IHINs, IMAX

GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESS?P
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
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GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
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GUESSP
GUESSP
GUESSP
GUESSP
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GUES 5P
GUESSP
GUESSP
GUESSP
GUESSP
GUESS®
GUESSP
SUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
GUESSP
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GUESSP
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LY

Gooo

55%

571

572

575

580

600

X3

901
902
903
9C4
905
9C6
907

JREW = 0

00 520 J = JMINDs
JNEW = JNEW + 1
P{JNEW,I) = PL{Js 1)

JMAXD, JSTEP

CORTINUE

CONTINUE
INTERPOLATION IN Y DIRECTIOR COMPLETE IF YIN ANO
YOLD ARE THE SAHE.

GO TO 600

CONTIRUE

INTERPOLATE YOLD TO Y FOR ARBITRARY CASE
DD 590 I = I[MIN,IMAX
XP = Xt1)
Ke2
Yl = YOLD(1)
DO 575 J = JHINs dBAX
Ye = Y(J)
IF(YP «LTs YOLD(JMINO)} GO TO 570
IF(YP «GTe YOLDLJHAXCG)) GO TO 571
NEW Y MESH POINT WITHIN RANGE OF GLD Y HESH
FIND VALUE OF YOLD «GTa YP
Y2 = Y1
KeK=1
KeK+1
Y1 = v2
Y2 = YOLO(K)
IF(YZ oLEs YP} GO TO 555
Pl = P(Ke=lp I}

P2 = P(KsI)

PT(J) » PL # (P2 = P1} / (Y2 = YL} * (YP = Y1)

60 TO 575
NEW Y MESH POINT OUTSIDE RANGE OF OLD ¥ MESHe
SET P(J4s1) = P{JHMIND; 1) OR, IF SUBSONIC FREESTREAH
FREE AIRFLOW, EXTRAPOLATE FOR P{Js 1) USING FARFLD
FORNULAS

CONTINGE

PT(J) » P(JHIND, 1)

60 70 572

PTL) = PUINAXDS L)

CONTINUE

IFCAK «GTo Os ¢ANDe BCTYPE oEQe 1) CALL EXTRAP(XP,YP,»PT(4})
CONTINUE
PUT NEW P VALUES INTD P ARRAY
D0 580 J = JHINsJMAX
Pldsl) = PTLY)
CONTINUE
CONTINUE
CONTINUE
RETURN
END

SUBROUTINE INPERR {I)

FATAL ERROR IN INPUT. WRITE MESSAGE AND STOP.
CALLED BY = READIN, SCALE.

IF (1 «EQe 1) WRITE (6,901)
IF {1 «+EQes 2) WRITE {6,902}
IF (1 WRITE (6,903)
IF U1 WRITE {6,904)
IF (1 WRITE (65905)
IF (I +EQe 6) WRITE (65906)
IF (1 oEQa 7) WRITE (65907}
sTOP .

FORMAT(1H0» 5X» 45HIMAX OR JMAX IS GREATER THAN 100, NOT ALLOWED.!}
FORMAT(1HO»5X»39HX MESH POINTS NGT MONOTONIC INCREASING.)
FORMAT(1HD»5Xs39HY MESH POINTS NOT MONOTONIC INCREASINGe)
FORMAT{1HOs 5X 44HMACH NUMBER NOT IN PERMITTED RARGEe (4522.0})
FORMAT ( 1H0s 5X» 4LHALPHA NOT IN PERMITTED RANGEs (=940, 940))
FORMAT(LHOs 5X» 4L HDELTA NOT IN ‘PERMITTED RANGEs { 0¢0s 1e0)}
FORMAT{1HO) 5Xs 45HAK=0s VALUE DF AK HUST BE INPUT SINCE PHYSeF.)
END
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INPERR
INPERR
INPERR
INPERR
INPERR
INPERR
INPERR
INPERR
INPERR
INPERR
INPERR
INPERR
INPERR
INPERR
INPERR
INPERR
INPERR
INPERR
INPERR
INPERR
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130
131
132

134
135
136
137
138

140
14l

143
144
145
146
147

149
150
151
152
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154
155
156
157
158
159
160
l6l
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163
164
165
166
167
168
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171
172
173
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SUBROUTINE ISLIT ¢ X )

ISLIT COMPUTES ILE AND ITE FOR ANY XMESH ARRAY,

CALLED BY =~ CKMESH, CUTOUT» READINs REFINE.
1COHHUN / COML/ IMIN » IMAX s IUP » 100WN » ILE »
ITE » JHIN s JHAX P
2 JTOP » JBOT > s o *

DIMENSION X{100)
I = IMIN = 1
0 CONTINUE
Tef+1l
IF (X{I) +LTe 040) GO TO 10
ILE = T
0 CONTINUE
I =al+1
IF (X{I} oLEe 10} G0 TO 20
ITE = I =1
RETURN
END

o

SUBROUTINE JSLIT & Y )

JSLIT COMPUTES JLOW AND JUP FROM Y ARRAY,
CALLED B8Y = CKMESHs CUTOUT, READIN» REFINEe

COMMON / COML/ ININ s INAX 5 IUP » IDONN > ILE ’
ITE ) JHIN 5 JMAX JUP s dlaw s
2 §Top » JBOT

DIMENSION Y(100}

4 JMIN =1

CONT INUE

OYEE!

IF (Y(J) +LTs 040) 60 TO 10

JLow = 4 -1

P =y

RETURN

END

REAL FUNCTEON LIFT (CLFACT)

COMPUTE LIFT COEFFICIENT EROM JUNP IN P AT TRAILING
EDGE OF AIRFDIL
CALLED BY = PRINTL, SOLVEe

CcOmMON PL10251011>X(100) 5 Y{100)

COMMON / COM1/ IMIN s IHAX  , IUP » IDOWN  » ILE ’
1 ITE s JHIN 5 JMAX 5 JUP s JLON s
2 JT0P » JBOT :

COMMON 7 COMT/ CJUP s CIUPL , CJLOW » CJLOWL

PTOP » CJUP*P(JUPs ITE) = CJUPL#P(JUP ¢ 1 » ITE)
PBOT = CJLOW*P{JLOWs ITE) = CJLOWL®P(JLOW=1» ITE)}
LIFT = 24*CLFACT*(PTOP=PROT

RETURN

END
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SUBROUT INE MACHKP

SUBROUTINE TO PRINT MAP OF MACH ND« ROUNDED
TO NEAREST +ls CALLED BY = PRINT,.

COMMON / COM1/ IMIN » IMAX » LUP
ITE » JHIN s JHAX

» IDOWN
s JUP

» ILE »
s JLOW »

2 470P » JBOT
COMMON /COHM30/ .MM{100} » REST{304)

INTEGER CHAR

QIMENSION CHAR(3T7)

DATA CHAR/Z1HI»L41pLHZpLH3p 14y Lti5p LHO 1HT»1H8) LH9» L1HA» LHB) LHC, LHOD»
1 1HE» 1HF» 1HG» 1HH» LHI,» 2HJy JHK» LHLs 1HH> 1HN) 1HO» 1HP» L HQs 1HR» 1HS 1HT,
2 1HUs1HVs1HWs LHX 2 LHY > LHZp LH¥/

DATA [B/1H 7 4 IP/LH4/ » IMI1dA=/ , LIL/LHL/ » IT/LHT/

WRITE (0654000
DO 60 K=2,JNAX
4 = JHAX = K 4+ 2

1J¢ = 1B

IF € J ¢EQe JUP) LJC = IP
IF € J +ECe JLOW ) IJC = IH
00 10 I=1,IMAX

HHLT) « 18
CONTINUE
DD 50 122, 1HAX

= PX{LJ}

= EMACHL (u)

IF LEM oGTe 040) GO TO 20
HMCI) = CHAR(1)

G0 TO 50

CONTINUE

KAR=INT{1Qe*EH+1¢5)

IF (KAR oGTs 37) KAR=37
MH{I)aCHAR(KAR)

COKRTINLE

WRITE (6,410) IJCs (MN(I),1=2,1HAK)
CONTINUE

DO TO I=l,IMAX

HH(I) = 1B

1F (1 «EQe ILE) HHUL) = IL

IF (1 «EQe ITE) MM(I} = [T
CONTINUE

WRITE (65420) (HH(I);I-Z;IHAX)
RETURN

400 FORMAT(1H1,54Xs1 5HHACH NUMBER MAP/59X,15(1H*)///3Xs#(EHSYMBOLs5Xs

SHRANGE» 14X) /75X s LHO» 10Xs FHMo LE«O o055 10X» 20HA
10Xy 20K  1e95eLToHeLE92405510X,20HU 2¢954LTeMelie3e05/5X,
20H1 00054l TeMelLEaCal5,10%520HE 1e05eLToMeLEelal5,10Xs
20HL  2405¢LTeMelEo2015510X»20HV  34054LTeNHeLEs3415/5X,
20H2 0ol54LTeHeLEaCe25510X920HC Lol5e¢LTeMosLEole25510Xs

0e95sLTaMeLEsLl 05,

20HM  2415,LTe 025510X%, 20HW  3e154LTe «25/5X%s
20H3  Qe254LT0 035,10X520HD  1e25¢LTeMelEela35 10X,
20HN  20254LToMeLE42435510X»2CHX 34254l TeMelEa3435/5Xs

20H4  04354LTeMoLEaCe45,10%, 20HE
20HO 2,354l TeMeLEe2045,10Xs 20HY
20H5 Ce4S5elLToMeLE«Ca55,10Xs 20HF
20HP  20454LTaHeLE«2055,10%,2002
20H6  0e55¢LTeMeLEaDab52 10X, 20HG
20HQ  24554LTs

1a354LTeMelEola45,10X,
3e354LTeMeLEa3045/5X)
le45eLTeHeLEaLla 550 10X
3e45.LTeMelLEe3e55/5XKs
Le55elTeMalEele65,10K,
65, 10%Xs LH¥»10Xs FHM4GTe345575Xs

20HT Qeb54LTe o755 1CX» 20HH 14 65eLToMoLEaLla75,10Xs
20HR  2465eLTeMeLEa2e75/5Xp20H6 GCo754LToMelLEDe85,10Xs
20HI  1eT5eLTeMeLEaleB85,20Xs20HS 20754l ToMelEe2e85/5X,
20H9 CeB85eLTeMuaLESD95s10Xs20H) 1aBS5elTeMeLEaLe?5,10X,
20HT  24854LTeMoLE42095/7)

CHMNIOTMOO®™ oA NG M EWNH

410 FORMAT(11X,100A))
420 FORMAT (12x,99A)

END

NACHMP
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SUBROUTINE MLLINE M1LINE
[4 PRINTS COGRDINATES WHERE SONIC VELOCITY IS COMPUTED MILINE
[ LINEAR INTERPOLATION BETWEEN MESH POINTS 1§ USEu HILINE
c CALLED BY = PRINT. MLLINE
[ R LI LIS I RIS R T I Y ey T RPN ST ST I ] * HLLINE
MLLINE
COMMON P(lOZ:lOliplllOO) » Y(100) BLARK'
COMHON 7 COMl/ IMIN » In s 1UP s IDOWN s ILE » Caoul
1 1TE » JH[N » JHAX » Jup » JLOW I3 caml
2 JTGP » JBOT COML
COMMON /7 CQH2/ AK » ALPHA  , DUB .» GAML » RTK Caon2
LOGICAL PHYS came?
INTEGER PRTFLO 5 SIMDEF canat
COMMON /COM2T/ CL » DELTA , DELRT2 , EMACH , EMRODT CoM27
1 PHYS » PRTFLOD » SIMDEF » SONVEL » VFACT » CoM27?
YFACT camz?
INTEGER BCTYPE CDM28
CUMMON 7CDM2B7/ BCTYPE s CIRC FHINY s POR » CIRCTE conzg
COMMOR 7COM30/ XSLPRT{200} VSLPRT(ZOO) » REST{4) HILINE
M1LINE
OIMERSION XSONIC(10) MILINE
NPTS = O MILINE
KMIN « JMIN MILINE
KHAX = JHAX HMILINE
JP w JHAX ¢ JMIN MLLINE
00 200 KeKMIN»KMAX MILINE .
J 2 JP =K M1LINE
YPR = YFACT#Y(J) MILINE
PX2 = PX{IMINsJ) HMILINE
H=0 MILINRE
IF {J oNEe JLOK) GD TO 170 MLLINE
IF {NPTS +NEe 0) WRITE (6,2070) M1LINE
170 CONTINUE HMLLINE
INH = IHIN ¢ 1 M1LINE
DO 180 I=IMMs IMAX MILINE
Px1 = PXx2 HLLINE
PX2 = PX{IpJd} HM1LINE
IFC(PX1 «6Ts SONVEL «ANDe PX2 o+GTe SONVEL) GO TQ 180 MLLINE
LF(PX1 oLTe SONVEL oANDs PX2 oLTe SONVEL) GO TO 180 HM1LINE
IF (NPTS oEQs O} WRITE (6,2000) H1LINE
H s Htl N1LINE
RATIO = {SONVEL-PX1}/(PX2-PX1) MILINE
XSOKIC{M) = X(I~1) 4 (X{I}=X{I=1))4RATID N1LINE
NPTS = NPTS + 1 HM1LINE
XSLPRT(NPTS) « XSONIC(M) MLLINE
YSLPRT{NPTS) = YPR MLILINE
IFINPTS «GEs 200) GO TO 25C MILINE
180 CONTINUE H1LINE
IF(H +EQ, 0) GO TO 200 MLLINE
WRITE(6,2040) YPR,{XSONIC(L}sL=1,H) H1LINE
200 CONTINUE HILINE
60 TO 300 MLLINE
250 CONTLNULE MLLINE
WRITE(652060) MLLINE
GO TO 400 MILINE
300 CONTINUE M1LINE
IF(NRTS «EQe0) GO TD 400 HMILINE
YH = YUJMIND HI1LINE
YX = Y(JHAX} HLLINE
DO 320 N»l,NPTS HILINE
IF (YSLPRT(N} oNEs YM oANDe YSLPRT(N) «NEe« YX) GO TD 320 MILINE
TF ( AKX 4GTe 0e0 ) WPITE (6,2350) M1LINE
IF € AK oLTs 000 o+ANGe BCTYPE otQe 1 ) WRITE (6,2050) HM1LINE
320 CONTINUE M1LINE
XHIN = =275 MLLINE
XHAX = 1,75 MLLINE
XINCR = 425 MILINE
YHIN = =1,0 MILINE
YHAX = 1.5 MILIKNE
YINCR = MILINE
CALL PLTSUN(KSLPRT;YSLPRT;XHIN;XHAX:XINCR;VHIN:VHAX;V!NCR’NPTSI M1LINE
400 CORTINU M1LINE
RETURN H1LINE
MLLINE
2000 FORMAT(1H1,58X,1THSONIC LINE OUTPUT/39Xs17(1H#)/ MLLINE
23H SONIC LINE COORDINATES//5XsIHYs10Xs THX=SONIC/) MLLINE
2040 FORMATC(L1F10.5) MLLINE
2050 FORMAT(20HO#44#% CAUTION #%stu/ MILINE
% 34H SONIC LINE HAS REACHED A BOUNDARY/ M1LINE
1 61H THIS VIOLATES ASSUMPTIONS USED TO DERIVE BOUNDARY CONDITIONS/ HM1LINE
2 29H SOLUTION IS PROBABLY INVALID) MLILINE
2060 FORMAT(20HO®¥##+ CAUTION #*#we%/36H NUMBER OF SONIC POINTS EXDEEDED MILINE
1 200/25H ARRAY DINENSION EXCEEDED/%2H EXECUTION OF SUBROUTINE WILI NILINE
2NE TERMINATED) MLLINE
2070 FORMAT(2X,13HBODY LDCATION) MILINE
M1LINE
END NLLINE
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SUBRQUTINE NEWISK{ISKOLD,Js ISKNEW) NEWISK 2 .
FIND NEw LOCATION OF SHOCKWAVE (ISKNEW) ON LINE J NEWISK 3 BT I ? oy . AR DA s i 1Wes LHer pLTSON
GIVEN AN INITIAL GUESS FDR LOCATION (ISKOLDI. NEWISK & OATA 1857 1180 L0 LHDS THYs LK T LHS THes e 1oee i
SHOCK LOCATION IS DEFINED AS LOCATION OF SHOCK POINT. NEWISK 5 220 AHA THYS IR 2105, IHL, IHI, ey
IF NO SHOCK IS FOUND, ISKNEW IS SET NEGATIVE. NEWISK 6 WRITE(659003 i
CALLED 8Y = CDCOLE. NENISK 7 URITELS 9101 ;
NEWISK & LTSON
TE (XINCR +EQu Oo oORe YINCR oEQ. 0.) GO TO 800 PLTSON
LOGICAL PHYS com2r 2 VRNGE o YHAX = TAXMIN . I
INTEGER PRTFLD  » SIMDEF comz? 3 YRNGE = XMAX — YAXHIN PLISIH
COMMON /COM27/ CL » DELTA » DELRT2 » EMACH » EHRODOT , comzr & TVAL = TRNGE & 202 PLison
PHYS » PRTFLO , SIMDEF , SONVEL » VFACT coMz? 5 VAL = XRRGE ¢ 03 TSN
2 YFACT comer 6 F PLTSON
12 = ISKOLD + 2 NEWISK 10 JSLT = LFIX{( 51.‘(YHAXIYRNGE) )+ 1 PLTSEN
OXV = 1,0 /7 XVA PLTSON
ISKNEW » 1SKOLD = 3 NEWISK L1 i S Ay o
SON
U2 = PXUISKNEW,J) NEWISK 12 e D e any 4 1
ISKNEW = ISKNEW ¢ 1 NEWISK 13 . PLTSON
JZERD = 103.5 = XMAX * TSON
ulL . U2 NEWISK 14 PL
€ IF (J26R0 367, 103 sORs JZERD oLTe §) SZERD = 2 PLTSON
U2 = PXUISKNEWsJ) NEWISK 1% FIZERD = I2€RD orlaow
IFLUL +GT. SONVEL oAND. U2 oLEs SONVEL) 60 T0 10 NEWISK 16 FJZERD = JZERQ PLTSON
IFCISKNEW oLTe 12} GO T0 5 NEWISK 17 T6RIDI1} o BLANK LTS ON
NO SHOCK POINT FOUND, TIP OF SHOCK REACHED, NEWISK 18 16RID(2) s oot N
ISKNEW = - ISKNEW NEWISK 19
IGRIDI104) = DOT
RETURN NIMISK 20 PLTSON
2 IGRID(105) = BLANK PLTSON
ENp NEWISK 21 FIZERS = FIZERO + o5 PLTSON
FJZERS = FJLERQ + o5 PLTSON
c NGPW IS THE NUMBER OF PRINT WHEELS USED TO PLTSON
¢ SPAN THE BODY LENGTH, PLTSON
NOPW = OXV PLTSON
c IS - THE NUHBER OF PRT WHEEL POSITIONS TO BE PLTSON
3 FILLED AT EACH SND OF THZ WORD $80DY SLITS PLTSON
. S =0 PLTSON
FUNCTION PITCH(CHFACT) PITCH 2 IF (NOPW 46Ty 9) JS = (NOPW=91 7 2 PLTSON
COMPUTE AIRFOIL PITCHING MOMENT ABOUT X = XMs Y20 PITCH 3 PLTSON
THE INTEGRAL OF (X=XH){CPUPPER=CPLOWER) IS LNTEGRATED PITCH & WRITE (6,905) PLTSON
BY PARTS TO GIVE AN INTEGRAL IN THE JUKP IN P PLUS A PITCH 5 WRITE 1659031 PLTSON
CONSTANT EQUAL TO THE JUWP IN P AT X » 1o TINES THE PITCH 6 c LOOP TO SET UP ONE LINE EACH TIME THRU. PLTSON
MOMERT ARM AT THE TRALLING EDGE PITCH 7 DD 30 I«1,51 PLTSON
CALLED BY = PRINFL, SOLVEs PITCH 8 c BLANK THE LINE TO BE PRINTED. PLTSON
PITCH 9 00 2 Je3,1063 PLTSON
CORMON P(1025101)5X(100) » Y(100} BLARK 2 IGRIDIJ) = BLANK PLTSUN
COMKON / COM1/ INMIN » IHAX  , IUP » IDOWN  » ILE , conl 2 2 CONTINUE PLTSON
1 ITE » JHIN  , JHAX 4 JUP FENTY: R canL 3 PLTSON
2 J70P » J807 caml N ¢ SEARCH ARRAY FOR POINTS ON THIS LINEe PLTSON
COMMON / CON?/ CJuP » CJUPL , CJLOW » CJLOWL cont 2 PLTSON
COMMON /COM30/ XI(100) » ARG(1GO) » REST(204) PITCH 13 DD 10 KelpNPTS PLTSON
PIICH 14 LITEST = FIZERS = Y(K) * OYV PLTSON
(SET XM TO QUARTER CHORD PITCH 15 IF (ITEST oNEs I) 60 T0 7 PLTSON
KR = o25 PLTCH 16 )« FJZERS + X(K) * OXV PLTSON
K =0 pITCA 17 IF (3 6T, 103} 4 = 103 PLTSON
DD 10 I=ILESITE PITCH 18 16 (J oLTe 3) 4 = 3 PLTSON
KoK+l PITCH 19 IGRIDUI) = STAR PLTSON
PTOP = CIUP®PCJUP,I} = CJUPLP(JUP+L, 1) PITCH 20 7 CONTINUE PLTSON
PBOT = CILOWOP(JLOWs 1) = CJLOWLAP(JLON=1,1} PITCH 21 TP 1USLF WEQe T) GO TO 9 PLTSON
ARGIK) = PTOP = PBOT PITCH 22 50 10 10 PLTSON
XI(K} = X(I) PITCH 23 9 CONTINUE PLTSON
CONTINUE PITCH 24 ¢ WRITE +BODY SLITS IF THIS IS THE JO LINE. PLYSON
CALL TRAP{XI»ARGsKp SUM) PITCH 25 J e JZERD ¢ 1 PLTSON
PITCH = CHFACTS((1e-XH)#ARGIK) ~ SUM) * (=24) PITCH 26 05 Eor o) 60 TO 4 PLTSON
RETURN PITCH 27 00 & Letrgs PLTSON
END PLTCH 28 IF {IGRID(J} oNE. STAR) IGRIDLJ) = DASH PLTSON
T e PLTSON
3 CONTINUE PLISON
4 CONTINGE PLTSON
00 5 L=1,9 PLTSON
IF (IGRLD{J) «NEe STAR) IGRID{J} = IBSIL) PLTSON
Jegen PLTSON
5 CONTINUE PLTSON
IF (J5 «EQe 0) G0 ¥O 10 PLTSON
SUBROUTINE PLTSON (XY, XAXHLNy XMAX, XLNCR, YAXNINS YHAX ¥ INCR NPTS) pLISIM 2 b & Laliss PLTSON
. PLTSON
THIS 1S A MODIFIED VERSION OF PRNPLT AND PLISON 4 1E_(IGRIDLI) oNEe STAR) TGRIDLA) = DASH PLTSON
XHAXs XINCR, YMAX, YINCR MUST 8E SUPPLIED. PLTSUON 5 6 CONTINUE PLTSON
XMIN, AND YMIN WUST ALSD BE SUPPLIED. PLTSON 6 19 CONTINGE PLTSON
. PRINTER PLOT ROUTINE M. S. ITZKOWITZ HAY»1967 PLTSON 7 N 100 Qe 13 60 T0 13 PLTSON
PLOTS THE $NPTSS POINTS GIVEN BYs X(IDsY(I) PLTSON 8 Le OB Ial) TeRiD PLTSON
ON A 51 X 101 GRID USING A TOUAL OF 56 LINES ON PLTSON 9 MRLTE o PLTSON
THE PRINTER, PLTSON 10 13 CONTINULE PLTSON
IF EITHER INCREMENTAL STEP SIZE IS ZERD, THE PLTSON 11 NI, PLTSON
PROGRAN EXITSe PLTSON 12 YAXIS = YMAX = FI # VINCR * o1 PLTSON
NEITHER OF THE INPUT ARRAYS ARE DESTROYED. PLTSON 13 T 0S(TAXIS) (LT YAXAINI YAXIS = 0o PLTSON
CALLED BY = MILINE. PLTSON 14 WRITE (60902) YAXIS, (IGRID(J),J=1,105) PLTSON
: pLison 15 30 CONT INUE PLTSON
DIMENSION XINPTS), YINPTS), IGRID(105), XAXIS(11) PLISON 16 NRITE 16,903} PLTSON
DIMENSION IB5(9) A WRITE (65905) PLTSON

DO 40 H=l,12 PLTSON
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FH = 11 = H

XAXIS(M) = XMAX = XINCR ¢ FHM

1F (XAXIS(H) oLTe XAXMIN) XAXIS(H) = XAXHIN
CONTINUVE

WRITE (65904) XAXIS» NPTS

RETURN
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€00 WRITE (6,9800)
CALL EXIT

900 FORMAT(1HL,58X,17HSONIC LINE OQUTPUT/59X,17(1H¥}/)
G01 FORMAT(LAX,10541)
902 FORMAT{1X>FlOels2Xs LH¥s 10541, 1H+)
%03 FORMAT(15X»103(LlHe})
904 FORMAT(?Xs L1{F1042}s2H (»I4,54 PTS)} )
505 FORMAT(26Xs11(1H4,9X)}
910 FORMAT{35K, L5HSONIC LINE PLOT,10Xs8HY VS Xs 10X
1 16H * = SONIC POINT/)
9600 FORMAT{46H1SCALING ERROR IN PRNPLY, EXECUTION TERHINATED }

END

SUBROUTINE PRBODY

PRINTS OUT BODY GEOMETRY

IF PHYS = TRUE. ALL OIMENSIONS ARE NORMALIZED BY
AIRFOIL CHORO
ALL DIMENSIONS EXCEPT X ARE
NORMALIZED BY CHORD LENGTH AND
THICKNESS RATIO.

IF PHYS = 4FALSE.

CALLED 8Y = BODYe

COMMON /7 COMbZ FLU1J0) » FXL{100), FULL00) » FXU(102}s

1 CAMBER(100), THICK(1O0U},VOL » XFOIL{100), IFOIL
LOGICAL PHYS
INTEGER PRTFLC  » SIHDEF
COMMON 7CCM2T7/7 CL » DELTA » DELRT2 , EMACH , ENROOT
PHYS » PRTFLO , SIMDEF , SONVEL s VFACT

2 YFACT

WRITE(6,1000)
FIND MAXIHUM THICKNESS AND CAMBER
THHAX = Qo
CAMAX = 0,
00 16 1 « 1,IFQIL
THHAX = AMAXLUTHMAX, THICK(I)}

CAMAX = AMAKL(CAMAXsCAHBER(IL))
10 CONTINUE

THMAX = 2,¢THMAX

IFUPHYS) GU TO 100

PRINTOUT IN SIMILARITY VARIABLES

WRITE(6,10CL) THMAX

WRITE(6,10G2) VOL,CAMAX

WRITE(¢,1003)

00 490 I=1,IFOLL

WRITE 6510G5) XFOIL(I), FUCL) o FXUCT)sFLIT),FXLOI),THICK(T), |

1 CAMBER(I)

40 CONTINUE

RETURN

100 CONTINUE
PRINTOUT IN PHYSICAL VARIALBES

THMAX = DELTA®THMAX
CAMAX » DELTA®CAMAX
WRITE(6,1C06) THMAX
VOLUME « VOL*DELTA
WRITE(6,1002) VOLUME,CAMAX
WRITE(6,1004}
03 110 I=l,IFOIL
YUP = DELTA*FULI)
YXUP = DELTA*FXULI)
YLO = DELTA*FL(I)
YXLO = DELTA*FXL{(I)
TH = DELTA#THICK(I)
CA = DELTA®CAMBER(I)
WRITE(6,1005) (XFOILUI)sYUP, YXUPsYLO»YXLGITHsCA)
CONTENUE
RETURN
1000 FORMAT(LHL,55Xs23HAIRFOIL GEDMETRY QUTPUT/56X»23(1H*}//)
1001 FORMAT(33H PRINTOUT IN SIMILARITY VARIABLES,

*® 48Xy 135HMAX THICKNESS =,F1248)

112
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PLTSON
PLTSON
PLTSON
PLTSON
PLTSON
PLTSON
PLTSON
PLTSON
PLTSON
PLTSON
PLTSON
PLTSON
PLTSON
PLTSUN
PLTSON
PLTSON
PLTSON
PLTSON
PLTSON
PLTSON
PLTSON

PRBODY
PRBODY
PRBODY
PRBODY
PRBODY
PRBOOY
PRBODY
PRBADY
PRBOOY
COHo
COM6
camav
comMz7
comz?
canz?
come?
PRBQDY
PRBODY
PRBODY
PRBOOY
PRBODY
PRBODY
PRBODY
PRBODY
PRBODY
PRBADY
PRBODY
PRBODY
PRBOOY
PRBODY
PRBODY
PRBODY
PRBODY
PRBODY
PRBOOY
PRBODY
PRBOOY
PRBODY
PRBADY
PRBOOY
PRBUDY
PRBODY
PRBODY
PRBODY
PRBODY
PRBODY
PRBODY
PRBAODY
PRBODY
PRBODY
PRBODY
PRBODY
PRBODY
PRBODY
PRBODY
PRBODY
PRBOOY

104
105
106

108
109
110
lil
112
113
114
115
116
117
116
119

121
122

124
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1002 FORMAT(16H ALRFOIL VOLUME=sF1248553Xs 15HMAX CAMBER

= F12487/ PRBUDY
1 2Xs 11HINPUT  GRID»10X»14HUPPER SURFACE»17X» 14HLOMER SURFACE) PRBODY
1003 FORMAT(8Xs 1HXy1X92 (15X LHF »9K s SHDF/DX)» 11X» QHTHICKNES S5 4X» PRBOOY
1 6HCAMBER/) PRBODY
1004 FORMAT(6Xs1HXs1X»2(18Xs IHY»9Xs SHDY/DX)s 11Xs IHTHICKNESS » 4X» PRBODY
GHCAMBER/) PRBOOY
1005 FORMAT(1X»FL24855Xs2F1248,2(6Xs2F12481) PRBODY
1066 FORMAT(56H PRINTOUT IN PHYSICAL VARIABLES NORMALIZED BY CHORD LENG PRBODY
LTHy 23X, 154MAX THICKNESS =5F12,8) PRBODY
ERD PRBODY
SUBROUTINE PRINT PRINT
PRINT
SUBROUTINE FOR MAIN QUTPUT PRINT CONTROL. PRINT
PRINTS RELATIVE PARAMETERS AND CALLS PRINT
SPECIALIZED PRINT/PLOT SUBROUTINES AS REQUIREDs PRINT
PRINT
PRINTOUT DESCREPTION PRINT
IF PYS 1S oTRUEs THE FOLLOWING INFORMATION IS PRINT
PRINTED IN PHYSICALLY SCALED VARIABLES (IsEe USUAL PRINT
AERDOYNAMIC TERMS) PRINT
X»Y ARE COORDINATES NON-DIMENSIONALIZED BY PRINT
AIRFOIL CHORD. PRINT
CP = (P = PCLINF)}I/QUINF} « =2,#(DP/DX) PRINT
CD = DRAG COEFF = D/QUINF) *AIRFOIL CHORD PRINT
CPSTAR = CRITICAL PRESSURE COEFFICIENT PRINT
IF PHYS IS +FALSEs THE ABOVE IMFORMATION IS PRINTED PRINT
1N TRANSONIC SIMILARITY VARIABLES. PRINT
PRINT
PRINTOUT OF SONIC LINE ORDINATES IN SUBRe M1LINE PRINT
INCLUDING PRINTPLOT OF SONIC LINE ORDINATES PRINT
CALLED BY = TSFOI PRINT
!0“"“"‘#"‘#!#‘0‘..t‘.‘ttt“otO 111 ] e L) *EbdeRpPRINT
PRINT
COMMON ¢ COM2/ AK » ALPHA , DUB ) GAML » RTK conz
LOGICAL ABORT con3
COMMON / COM3/ IREF » ABORT , ICUT  » KSTEP COM3
COMKON / COM6/ FL(100) » FXL(100)» FU(100) » FXU(100}, COMb
1 CAMBER(100}» THICK(100),VOL  , XFOIL(1GO), IFOIL COHb
INTEGER PSTART Tonll
LOGICAL PSAVE conll
COMMON /CUMIL/ ALPHAD , CLOLD » DELTAD , DUBD  » EMACHO COM11
IMINO  » EMAXD » IMAXI , JHINO » JHAXD o COH11
2 JHAXS > PSAVE 4 PSTART , TITLE(8), TITLEO(G), COHLL
3 vOLO » XOLD(100),YOLD(100) CON1l
COMMON /COM13/ CDFACT » CLFACT , CMFACT , CPFACT » CPSTAR cami3
LOGICAL FCR » KUTTA COML4
COMMON /COM14/ CLSET  , FCR » KUFTA  , WCIRC COMl4
LOGICAL PHYS coM2?
INTEGER PRTFLO  » SIMDEF canz?
COMMON 7COM27/ CL » DELTA , DELRT2 » EMACH , ENROOT come?
PHYS » PRTFLO , SINDEF , SONVEL » VFACT coMz2?
YFACT comz?
INTEGER BCTYPE CON28
COHMON /COM28/ BCTYPE » CIRCFF , FHINV » POR » CIRCTE cahzs
PRINT
DIMENSION TPH{6) » SIH(E) » BCT(15) , FCP(1l4) PRINT
PRINT
DATA  TPH /4HSIMIs4HLARL»2HTY)4H PHY» 4HSICAs 2HL / PRINT
DATA SIM /4HCOLE,4H »4HSPRES4HITER, 4HKRUPS 4HP & PRINT
1 4HUSER» 4H / PRINT
DATA BCT /4HFREEs4H AIRs&H »4HSOLI»4HD WAs4HLL »4HFREE» PRINT
4H JETy4H 24HSLOT» 4HTED »4HWALL»&HPORD 4HUS Ws &HALL / PRINT
DATA FCP /4HFULL,4HY CO»4HNSER) 4HVAT 15 4HVE. »4H 4R PRINT
1 4HNOT »4HCONS» 4HERVAS SHTIVEs4H AT ,4HSHOCs 4HKs 7 PRINT
PRINT
WRITE (65900} PRINT
1S =1 PRINT
IF (PHYS) IS = & PRINT
IE = IS ¢ 2 PRINT
WRITE (6,901) (TPH(I},I=IS,IE) PRIRT
1E » 2 * SIMUEF PRINT
IS = It -1 PRINT
WRITE (65902) {(SIM(I)»1=ISs1E} PRINT
IE = 3 * BCTYPE PRINT
IS = 1E = 2 PRINT
WRITE (65,903) (BCT(I),L1=1S,1E) #RINT
1§ = 8 PRINT
IF (FCR) IS = 1 PRINT
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IE = IS 4 ¢
WRITE 1659C4) (FCPCINpInISsIE)
IF (KUTTA) 6O TO 10
WRITE (65505)
60 10 20
10 CONTINUE
WRITE 1£,906)
CONTINUE
ALPHVF = ALPHA * VEACT
WRITE 16,911)
IF ( PHYS } WRITE (6,909) EMACH, DELTA
WRITE (659071 ALPHVE, AK
DUBDEL=DUB#DEL TA
VOLDEL=VOL#DELTA
IF (AK o6Te 0.0) WRITE(6,909) DUBDEL»VOLDEL
IF ( PHYS ) WRITE(65910)CPFACT,CDFACT, CHFACT) CLFACT,YFACTSVFACT
CALL PRINTL
CALL PRTHC
CALL HACHHP
IF ( ABORT ) 6O TO 60
tALL FIXPLT
IF (BCTYPE +EQs 1) 6O 70O 40
IF (BCTYPE 4EQ, 3] GO T0 40
CALL PRTWAL
CONTINUE
CALL MILINE
IF (PRTELD »2Qs 1} GO TO 50
CALL PRTFLD
CONTINUE
CALL CDCOLE
CUNTINUE
RETURN
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900 FORMAT(IH1558%, LELLH®) /59X 1He,16X,1r#/59X,18H* FINAL QUTPUT ¢/
1 59X, 1H#*p16Xs 1H¢ /59X, 16 (1H¥))

901 FORMAT(14HO PRINTOUT [N »2A4sA2511H VARIABLES.)

902 FORMAT(4IHO DEFINITION OF SIMILARITY PARAMETERS BY »244)

503 FORMAT(25HC 3CUNDARY CONDITION FOR »3A4)

904 FORMAT(27HU DIFFERENCE EQUATIONS ARE ,744)

9u5 FORMAT(37HG LIFT COEFFICIENT SPECIFIED BY USER.)

405 FORMAT(30HO KUTTA CONDITION 1S ENFORCEDs)

907 FORMAT(13Xs THALPHA wyF12o7/17Xs3HK #sF1247)

908 FORMAT{ZX,18HDOUBLET STRENGTH =, Fl247/4Xs L6HAIRFOIL VOLUME =5
1 F12.7)

509 FORMAT(14XsbHMACH ®,F12.7/13X, THDELTA =5 F12,7)

910 FORMAT(1HO, 8X, 3BHPARAMETERS USEQ TD TRANSFORM VARIABLES/
1 18X, 20HTO TRANSONIC SCALING//12XsBHCPFACT =Fl247/
2 12K, BHCDEACT =pF1247712X, 8HCHFACT #,F1247/12Ks sHCLFACT =sFl247
3 /13X, THYFACT #sF1247/ 13%s THYFACT 2£12,7)

911 FORMAT{(1HO}

IND

SUBROUTIRE PRINT1

PRINTS PRESSURE COEFFICIENT AND MACH KUMBER
ON va) LIRE, ANO PLOTS CP ALONG SIDE OF PRINT.
CALLED BY = TSFOILs PRINTs

COMNON P{102,301)5X(100) ,» Y(100)

COMHON 7/ COML/ IMIN » IMAX » LUP » [DOWN , ILE »
1 1T s JMIN » JHAX » JUP s+ JLOW »

J1oe » 4807

LOGICAL ABORT

COMMON 7 COM3/ IREF » ABORT , ICUT » KSTEP

COHNMON 7 COM?/ CJuP » CJUPL 5 CJLOW » CJLOWL

COMMON /COK13/ COFACT » CLFACT , CHMFACT , CPFACT , CPSTAR
COMNON 7CON25/ CPLI10G) » CPU(L0O)

LOGICAL

INTEGER PRIFLG  » SLMDEF

COMMON /7COM21/ CL » DELTA , DELRTZ , EMACH , EWROOT ,
1 PHYS » PRIFLO » SIMDEF » SONVEL , VFACT

YFACT
COKHMON /COM30/ EM1L(100)s EMLUC100), YM(100}, REST{104)

REAL LIFT
DIMERSTION LINEL(60) ,» TMACI2)

. DATA THAC / 2HM1> 2HKLY 5 I8 f1H /5 IL / MHL/sIU Z1HU/, IS/LHEZ
DAYA IB8/ 1HB/ - tTo ’

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

PRINTL
PRINT1
PRINT1
PRINTL
PRINT1
PRINTY
BLANK
cony
COMl
coml
CuM3
COH3
cont
CoM13
COM235
conz?
conz?
com27
comn2?
comar
PRINT1
PRINTL
PRINTL
PRINTL
PRINT1
PRINTL
PRINT1
PRINT1
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CL = LIFT (CLFACT)

CH = PITCH (CMFACT)

CPMIN = 1.0€£37

CPMAX = «CPHIN

IEK = 0

CJOL = =Y{JLOWI/(Y{JUP)=YLJLOW))
CJC2 = YUJUPIZ{YLJUPI=YLJILOW))

D0 10 I=IHINy IMAX

ut CJLOW#PX{I,JLOW) = CJLOWL*PX(IsJLOW~1)
TF(I aGTe ITE) UL=CJOL*PX(I,JUP} + CJOQ2%PX{'I,JLOW}
IFCI » ILE)  UL=CJOL*PX(L,JUF) + CJO2*PX({I,JLOW)
CPLII) = =240 * UL * CPFACT

EM1L{1) = EMACHL{UL)

IF (EMLLCI) oGTs 143) EEM = 1

uu = CJUP *PXUI»JUP) =~ CJUPL #PX{I,JUP+1)

IF (L #GTs ITE) UU = UL

IF (1 «LTs ILE) UU = UL

CPULT} » ~2,0 * UU * CPFACT

EMIULI) = EMACHL(UU)

IF (EMIUCI) «GTa 1le3) [EM = 1

CPHAX = AMAXLUCPHMAX,CPULI), CPLUI)}

CPHIN = AMINL(CPMIN,CPULI), CPLUI})

CONTINUE

CPLARG = AMAXL{CPMAXsABS{CPHIN))
UNPCOL = CPLARG / 29

LOCATE CP* FOR PRINTER PLOT

coL = =CPSTAR /7 UNPCOL
RCOL = SIGN((ABS{COL}#45), COL)
NCOLS = NCOL ¢ 30

PRINT SINGLE VARLABLES

IF UIREF «EQs 2} WRITE (65270)

IF (IREF «EQe 1) WRITE (6,280)

IF (IREF «EQe 0) WRITE {6,290)

WRITE (6,260)

WRITE (6,200) CL» CHMs, CPSTAR

1F (CPLUIMIN) oLTe CPSTAR 4ANDs CPLUIMIN#1) +GTe CPSTAR) GO TO 70
WRITE (6s210)

KT = 2

IF € PHYS ) KT = 1

PRIRT COLUMN HEADERSs
WRITE (6,2200 THAC(KT) o THACIKT)
DO 40 1= IHIN, IHAX

DO 30 Kel,60
LINELIK)} = [B

CONTINVE

coL = =CPUCL) / UNPCOL

NCoL = SIGN({ABS{COL) + o5) » COL)
NCOLU = NCOL + 30

LINEI{NCALU) = TV

coL = =CPLII) / UNPCOL

NCOL « SIGNLIABSICOL) + o5) , COL)
NCOLL = NCOL + 30

LINELINCOLL) = IL
IF (NCOLL +EQe NCOLU) LINEL(NCOLL) = IBB
IF (IABS(NCOLS} +LTs 61) LIKEL(RCOLS) = IS

IF (I +EQs ILE) WRITE (6,230)
WRITE (6,250) I» X{I)s CPL(I), EMIL(1)» CPULI), EMLU{I), LINEL
IF (I +EQe ITE) WRITE (6,240)

CONT INUE

IF { IEM +EQs 0 ) GO TO 50
IF ( PHYS ) WRITE (6,300)
CONTINUE

DD 60 JesJMINsJHAX

YH(J) = Y{J) * YFALT
CONTINUE

WRITE (65310) JHINsJHAKs (VNCJ}sJuwJHIN, JHAX)
RETURN

CONTINUE

WRITE {65320)

ABORT = oTRUE,

RETURN

PRINTL
PRINT1
PRINT1

PRINT1 .

PRINTL

PRINTL.

PRINTL
PRINTL
PRINTL
PRINTL
PRINT]
PRINTL
PRINT1
PRINT1
PRINTL
PRINT1
PRINT1
PRINTL
PRIRTL
PRINTL
PRINTL
PRINT1
PRINT1
PRINT1
PRINT1
PRINT1
PRINTL
PRINT1
PRINTL
PRINT1
PRINTL
PRINT1
FRINTL
PRINT1
PRINT1
PRINT1
PRINTL
PRINTL
PRINT1
PRINTL
PRINT1
PRINTL
PRINT1
PRINTL
PRINT1
PRINTL
PRINTL1
PRINT1
PRINT)
PRINT1
PRINT1
PRINTL
PRINTL
PRINT1
PRINT1
PRINTL
PRINTL
PRINTL
PRINTL
PRINTL
PRINT1
PRINT1
PRINTL
PRINT1
PRINT1
PRINT1
PRINT1
PRINT1
PRINT1
PRINT1
PRINT1
PRINT1
PRINT1
PRINTL
PRINT1
PRINTL
PRIKT1
PRINTL
PRINT1
PRINT1
PRINT1
PRINTL
PRINT]
PRINTL
PRINTL
PRINT1
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9L

st Xatakatala)

éOO EURHAT(B5l:ZBHB = BEFORE OR BEHIND AIRFOIL/10X»4HCL =,Fl046,861X»

1 25HU = UPPER AIRFOIL SURFACE/LOX»4HCM =3F1046561X,
2 25HL = LOWER AIRFOIL SURFACE/9Xs3HCP* =,F1046s61X»
3 21H* = CRITICAL PRESSURE)

210 FORMAT(1HO»27Xs5HLOWER) 23X, SHUPPER/ 28Xy 4HY=0=924X, 4HY=0#)

220 FORMAT(3X, 1HI»BXs1HX»10X»2HCP»10XsA2,14X, 2HCPS10Xs AR/ )

230 FORMAT(25X,20HAIRFOIL LEADING EDGEs#45Xs 20HAIRFOIL LEADING EDGE)
240 FORHMAT(25X2LHALRFOIL TRAILING EDGE»44Xs2LHAIRFOIL TRAILING EDGE)
250 FORMAT(IH »I3,3F1246)4X,2F124652X»00A1)

260 FORMAT(60H FORCE COEFFICIENTS,

PRESSURE COEFFICIENT, AND MACH NUM
1BER /2Xs59H(OR SIMILARITY PARAMETER) ON BODY AND DIVIDING STREAM L
2INE.)

270 FORMAT(1H1,52X,28HFINAL OUTPUT FOR COARSE MESH//)
280 FORMAT(1H1s 52X, 26HFINAL OUTPUT FOR MEDIUM MESH//)
290 FORMAT(1H1,53X,26HFINAL OUTPUT FOR FINE MESH//)
300 FDRMAT(20HO®#ske CAUTION #4%de/

1 32H MAXIMUM MACH NUMBER EXCEEDS 1.3/
2 69H SHOCK JUMPS IN ERROR IF UPSTREAM NORMAL HACH NUMBER GREATER T
JHAN 1.3)

310 FORMAT(///16Xs 13HY=GRID VALUESs5X» THY(J) Jupl&e3H TO» 14/

1 (10X, 8Fl2461)

320 FORMAT(1HO,77/»60H DETACHED SHOCK WAVE UPSTREAM OF X=MESH,SOLUTION

1

2|

©

©

1TERMINATED.)
END

SUBROUTINE PRTFLD

PRINTS PRESSURE COEFFICIENTs FLOW ANGLE AND
MACH NUMBER IN FLOW FIELD. NUMBER OF J LINES
PRINTED IS DETERMINED FROM THE INPUT VALUE OF
PRTFLO.

PRTFLD = 1 5 NONE.

PRTFLO = 2 » ALL J LINES EXCEPT JOe

PRTFLG * 3 , THREE J LINES AROUND JERROR.
CALLED BY = PRINT.

COMMON P{102,101),X(100) , Y{100)

COMMON / COM1/ IMIN » IHAX s IUP » T00WN 5 ILE »
1 ITE s JHIN » JHAX » JUP » JLOW »
2 T JTOP » JBOT

COMMON /COM13/ CDFACT  , CLFACT » CHFACT , CPFACT , CPSTAR

LOGICAL GUTERR

COMMON /7COM18/ ERROR » I1 s I2 » IERROR » JERROR
1 OUTERR 5 EMU(100,2) » ¥CI100) »

2 wI » DCIRC , POLD(100s2) ‘

LOGICAL PHYS

INTEGER PRTFLOD  » SIMDEF

COMMON /COM27/ CL » DELTA , DELRT2 , EMACH , EMROOT

PHYS » PRTFLE , SIMDEF » SONVEL » VFACT »
2 YFACT
COMMON /CONM30/ JLIN(100), REST(304)

OIHENSION THAC(2), CPPR{3)s PYPR(3}, YPRINT{(3), PRT(10), EM1(3)
DATA THAC 7 2HM1, 2HK1/
OATA  PRT 7 4HMACHs 4H NUHRs 4HBERS» 4H » 4H ’
1 4SHSIMIo 4HLARI,4HTY Ps4HARAMs 4HETER/
IF {PRTFLO4EQs 2) 60 TO 25
LOCATE LINZS ARDUND JERROR,
L e 3
IF (JERROR
IF (JERROR

«EQe JHMIN) GO TO 10
«EQe JLOW} GO TO 20
IF (JERROR +EQe JUP ) GO TO 1)
IF (JERROR «EQe JMAX) GO TO 20
JUINC1) ® JSRROR = 1

JLIN(2} = JERROR

JLIN{(3) e JERROR 4 1

G0 70 30
CONTINUE

JLIN(1) = JERROR
JLIN(2) = JERROR
JLIN(3) = JERROR
GO0 TO 30
CONTINUE

JLIN{1) = JERROR =
JLIN{2) = JERROR =
JLIN(3) = JERROR
650 TD 30

+ .
N

e

PRINTL
PRINTL
PRINT1
PRINTL
PRINT1
PRINTL
PRINT1
PRINTL
PRINTL
PRINT1
PRINT1
PRINTL1
PRINT1
PRINTL
PRINT1
PRINTL
PRINT1
PRINT1
PRINTL
PRINTL
PRINT1
PRINTL1
PRINTY
PRINT1
PRINTL

PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRIFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
BLANK
conl
CoMl
conl
COoML3
COM18
COn18
COoMlB
comLs
comM2?
conay
cona?
comar
CON27
PRIFLD
PRTFLO
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRIFLD
PRTFLO
PRTFLD

-
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28
a0

40

5

©

60
100

900

901
902
963
904

10

CONTINUE
L = JNAX = JMIN ¢

K =1

DD 28 JmJMINs JNAK
JLIN(K) = J
KaK+l
CORTINUE

CONTINUE

1
FILL JUIN ARRAY WITH VALUES OF J.

PRINT FLOW FIELD IN 3 J LINES PER PAGE.
00 100 MPR = 1,JL,3
MPREND = MINO(MPR+2,JL)
DO 40 M=MPR, MPREND
MO = H=HPR#1
JQ = JLINCH)
YPRINTIMQ)} » YUJOI®YFACT
CONTIKUE
WRITE PAGE HEADER.
IS = 1
IF ( PHYS ) IS = ¢
IE = IS + 4
WRITE (6,900) (PRTUI),I=IS.IE) , CPSTAR
WRITE(6s 901) (JLIN(M), MaMPRy MPREND)
WRITE(65 902) (YPRINT{M)sHn1,RQ)
KT = 2
IF ( PHYS ) KT = 1
WRITE (65903) TMAC(KT), TMACIKT), TMAC(KT}
00 60 I=IMIN,IMAX
D0 50 KsMPRyMPREND
HQ ® H-MPR+1
J = JLIN(M)
U s PX{I,d)
CPPR{MQ) = =2,0 * CPFACT * U
PYPR(MO) = VFACT#PY(I,J)
EML(NMQ) = EMACHL(U)
CONTINUE
WRITE (65904) (IosX(I)oC(CPPRIM)SPYPRINISEHL(N) ) He1,NQ))
CONTINUE
CONTINUE
RETURN

1FDRHA"’.THIPRESSURE COEFFICIENTS, FLOW ANGLES, AND LOCAL »5A47

20H ON Y=CONSTANT LINES/9H CPSTAR =,F12,7//)
FORMATC(13Xs 3(15Xs2HI =y T4 15X)}
FORMAT(13X,3(12Xs 2HY=)F1006,12X})
FORMAT(&4HD 1,BX»2HXs5Ks306Xs 2HCP 5 8Xs SHTHET Ap TXs A256X)/7)
FORMAT(1X5 I35 2Xs F10069 1Xs 302X» 3IF114651X)}

END

SUBRQUTINE PRTXC
SUBROUTINE TO PRINT A CHARACTER FOR EACH
POINY IN THE GRID DESCRIBING THE TYPE OF
SHOCK POINT

FLOW, S »
H » HYPERBOLIC PDINT
P » PARABOLIC POINT
= » ELLIPTIC POINT
CALLED BY = PRINT,

COMMON P(102,1011»X{100F » Y(100)

COMMON 7 CON1/ IMIN » IMAX » LUP » IOOMN » ILE »
1 1TE » JMIN » JNAX » JUP » JLOW »
2 Jtop » J80OT

COMMON / COM2/ AK » ALPHA  , DUB » G

AML » RTK
COMMON /€OM227 CXC(100) » CXL(100), CXR{100), CXXC(100),CXXL{100),
1

CXXR{100}, C1(100)

fCOM30/7 IPC(100) » VTU100,2)» REST(104)
IHP/1HP/s IHH/1HH/» IHS/1HS/» IHD/LH=/s IB/1H 7

COMMOR
DATA

WRITE (6,100)
D05 I=1,50,2
IPC(I) = I8
IPC(Iel) » IB
CONTINUE

DO 10 JaJHINs JHAX
VI(Jds1) = C142)
CONTINUE

PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLO
PRTFLD
PRTFLD
PRTFLD
PRTELD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTELD
PRTFLD
PRTFLD
PRTELD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLOD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLO
PRTFLD
PRTELD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRTFLD
PRYFLD
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P

00 60 ke JMINsJMAX
J oo JHAX = K ¢ 1
00 30 I=IUPs IDOWN
VT(4s2) = ¥TUJsl)
VItd 1) = CMI)~ (CXL(I)‘P(J:[ l)OCXC(I)‘P(Jrl)OCXR(ll'P(J;Ifll)
IF (VT(J4s1) oGTe 040} GO TO
IF (VT(Jy2) +LTs 040) GO TO ZD
PARABGLIC POINT (SONIC)
IPCII} = [HP
60 T0 30
20 CONTINUVE
HYPERBOLIC POINY (SUPERSONIC)
IPC(I) = IHH
60 TO 30
CONTINUE
IF (VT(J4s2) oLTe 040) GO TO 43
ELLIPTIC POINT {SUBSONIC)

3

©

IPCLI) « IHD
60 T0 50

40 CONTINUZ

°©

SHOCK POINT
IPCCI) = IHS
CONTINUE
WRITE ¢6,110) 4» (IPCI1),I=IUP, IDOWN)
CONTINUE
RETURN

5

©

6

=3

100 FORMAT(1H1,56Xs18HFLDN CHARACTER MAP/57X,1B(1H®)//26Xs
1 13HP = PARABOLIC/28X,14HH = {YPERBOLIC/28X»9HS = SHOCK/28X»
2 32H= = ELLIPTIC//)

110 FORMAT(10Xs13,5K5100A1)

END

SUBROUTIKE PRTSK{ZsARGsLyNSHOCKs CDSKsLPRTL)
PRINTOUT WAVE DRAG CONTRIBUTIDN ARD TOTAL PRESSURE
LOSS ALONG SHOCK WAVE
CALLED BY = CDCOLE.

COMMOR 7 COHZ2/ AK » ALPHA  , DUB » GAHl » RIK
COMMON /COM13/ CDFACT » CLFACT , CMFACT , CPFACT , CPSTAR
LOGICAL PH

INTEGER PRTFLD » SIMDEF

-
o
m

pd
o
»

COMMON /COM2T7 CL » DELRT2 , EMACH , EMROOT
PHYS » PRTFLD » SIMDEF » SONVEL » VFACT
2 YFACT
DIMENSION Z{1)s ARG{(1}
COYCOF » —=COFACT#GAML/(6.*YFACT)
POYCOF o DELTA®DELTA*GAHLI*(GAMLI-1s}/124
IF{NSHOCK ¢EQel) WRITE(5,1001)
WRITE(L,1002) NSHOCK, CDSK
0D 10 K = 1,L
YY = ZIK)I#YFACT
CDY = CDYCOF*ARGIK)
POY = 1, + POYCOF#ARGIK)
WRITE{6,1003} YY,COY,POY
10 CONTINUE
IF(LPRTI «EQs 1) WRITE{6,1004)
RETURN
1001 FORMAT(1H1,35X,43HSHOCK WAVE ORAG AND TOTAL PRESSURE PROFILE »
1 bHOUTPUTZ36X,49{1H*}//394 INVISCID WAKE PROFILES FOR IMDIVIDUAL »
2 I5HSHOCK WAYES WEITHIN MORMENTUM CONTOUR)
1002 FORMAT(GHOSHOCKs 13/26H WAVE DRAG FOR THIS SHOCKw,Fl2.6/
* 6Xs 1HYs 9X» 5HCD(Y ), 8Xs 8HPO/POINF/)
1003 FORMAT(1X,3Fl2.8)
1004 FORMAT(35HOSHOCK WAVE EXTENDS OUTSIDE CONTOUR/
# 61H PRINTOUT OF SHODCK LOSSES ARE NOT AVAILABLE FOR REST GF SHOCK)
ND

PRTAC
PRTMC
PRTHC
PRTHC
PRTMC
PRTHC
PRTHC
PRTHC
PRTHC
PRTHC
PRTMC
PRTHC
PRTHC
PRTMC
PRTHC
PRTHC
PRTHC
PRTHC
PRTNC
PRTHC
PRTAC
PRTMC
PRTMC
PRTAC
PRTMC
PRTHC
PRTHC
PRTAC
PRTHC
PRTHC
PRTHC
PRTNC
PRTAC

PRTSK
PRTSK
PRTSX
PRTSK
PRTSX
com2

COML3
comM27
comet
cana?
com2?
CaH2?
PRYSK
PRTSK
PRTSK
PRTSK
PRTSK
PRTSK
PRTSK
PRTSK
PRTSK
PRTSK
PRTSK
PRTSK
PRTSK
PRTSK
PRTSK
PRTSK
PRTSK
PRTSK
PRTSK
PRTSK
PRTSK
PRTSK
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10

1

1

1

1
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SUBROUTINE PRTWAL

COMMON
COMMON 7 COM1/

2
COMHON 7 COM5/
COMMON /7CONL2/
1

COMMON /COM13/
LOGICAL
INTEGER

COMMON /CON27/
1

2
INTEGER

1

COMMON 7CONR28/
COMMON /7COM30/

PRINTS PRESSURE COEFFICIENT AND FLOW
ON Ya=H AND Yw#H, aND PLOTS CP ALONG
TABULATION.

CALLED BY = PRINT.

P(102,101)5X4200) , Y(100)

IMIR » IMAX » IUP » IDOWN
ITE » JHIN » JHAX s JUP »
JToe » 4807

XDiFF(100), YDIFF(100)

F s H » HALFPL , PI ’
TWOPI

COFACT  » CLFACT , CMFACT o CPFACT
PHYS

PRTFLO  » SIMDEF

cL » DELTA , DELRT2 , EMACH
PHYS » PRTFLOD » SIMDEF , SONVEL »
YFACT

8cTYPE

BCYYPE 5 CIRCFF , FHINV , PO
CPLW(100), CPUW(100), VLW(100), VUH(IDDh

OIMENSION BCT{15) », LINE1(60)

ANGLE
SI0E OF

ILE

JLOW

RTKPOR
CPSTAR

EMROOT
¥YFACT

CIRCTE

REST{4)

DATA  IB /14 /s IL /7 1QHL/» LU 71HU/» IS 7 1H%/, 1B8 /1HB/

0ATA BCT /4H

rAHFREEs 4H AIR,4H SO, SHLID ,4HWALLs &4H

»

4AHFREE,4H JET,4HSLOT24HTED ,4HWALLs 4H POR) 4HOUS »4HWALLZ

J2 = 3 » BCTYPE

I1 = 12 =2

PRINT SINGLE VARIABLES

WRITE {62903) {BCTII),I=I1,I2)

THH = H ® YFACT

WRITE(65904) THHsH
IF( BCTYPE oLTe 5 ) GO TO 4

PORF = POR /

YFACT

WRITE(5,905) PORF)POR

CONTINUE

IFt BCTYPE oNEe & o+ANDse BCTYPE oNEw 6 ) 6O TO &
WRITE (6,906) F

CONTINUE

WRITE (6,907} CPSTAR

CPMIN = 1,0E37

CPHAX = =CPMIN

CPT = =240 * CPFACT
D0 10 IeIuP, IDOWN

CPLWII} = CPT
CPUW(I) = CPT

* PX(1,JNIN)
* PX{Is JHAX)

CPHAX = AMAX1{CPMAXsCPUN(I), CPLW(I)})
CPHIN  « AMINL{CPMIN,CPUWI)s CPLW(I})

CONTINUE

00 20 I=IUuP,IDONN
IF (BCTYPE «NEs 2) GO TO 11

VEW(I) = 0.0
VUNII) = 0.0
GD 10 20
CONTINUE

SOLID WALL

IF (BCTYPE «NEe 3) GO TO X2

VLW(I) = VFACT
VUNCI) = VFACT
60 T0 20
CONTINUE

FREE JET
* PY{I,JMIN}
* PY(L, IHAX)

IF {BCTYPE «NEs 4) GO TO 13

SLOTTED WALL

VLW{I} = VFACT * FHINV * (P(JBOT5I) + 475 * CIRCFF)
VUW{I) = =VFACT * FHINY * (P{JIOP,I) = 425 * CIRCFF)

G0 T0 20
CONTINUE

POROUS WALL

IF (POR +GTe 145) GO TO 14
VLWII) = VFACT * POR ¢ XDIFF{L)*(P(JMINsI)=PLJNINsI=1))
YUWLI) = ~YFACT ¢ POR #* XDIFFII)®(P(JNAX, I}=P{JHAXyI=1})

60 TD 20
CONTINUE

VLWET) = VFACT #o25%(PIJRIN®L, I41)424 *PC(JHIN®Ls [} 4P (JNIN®Ly I=1)

2
VUNII) = VFACT

= PUININ ,I41)~22*PLJHIN »I}=PCJIMIN
/ (Y(JHIN+L)=Y(JNIN))
Fo25¥(PLINAK, T#1)  +2o%P [JHAXSI) 4PLJRAX

21-10)

»I=1)

PRTWAL
PRTWAL
PRTMAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
BLANK
conl
cony
canl
cons
conl2
con1z
comL3
con2?
conz?
camz7
conz?
conz?
conze
conze
PRTWAL
PRIWAL
PRTWAL
PRTWAL
PRTWAL
PRIWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRIWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRINAL
PRIWAL
PRTWAL
PRTWAL
PRTVAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTNAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTUAL
PRIWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTNAL
PRTWAL
PRTJAL
PRTWAL
BRTWAL
PRIWAL
PRTWAL
PRTWAL
PRTMAL
PRTWAL
PRIMAL
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1

1
20

30

40

210
220
250
903
904

10

20
c

- P{IHAX=1,[+1)=24*P(JHAX=Ls [}=P (JHMAX=1y1=1))
£ (YUIRAX I =Y{JHAX=1))
CONTINVE

CPLARG
UNPCOL

= AHAXL{CPMAX,ABS(CPHIN})
= CPLARG / 25,

LOCATE CP# FOR PRINTER PLOT

coL = =CPSTAR / UNPCOL
RCot = SEGN((ABS(COLI+.5), COL)
NCOLS = NCOL + 30

WRITE (6,210)

PRINT COLUMN HEADERS.
WRITE (6,220)
DO 40 I=1UP, 1D0OWN

D0 30 K=1,60
LINEL(K} « B
CONTINUE

coL

= =CPUW{]) / UNPCOL
RCOL -
-

SIGN((ABSICOL) + 45)
NCUL + 30
v

s COL)
NCOLY
LINEZ(NCOLU)

a ~CPLW(I} / UNPCOL

NCOL = SIGN{(ABS{COL) + .5} » COL)
NeoLL = NCOL + 30

LINEL(NCOLL) = IL

IF ¢ NCOLL «EQe NCOLU )} LINEL(NCOLL) = 188
IF (IABS(NCULS) +LTe 61) LINELENCOLS) = IS

caL

WRITE (6,250) I
CONTINUE
RETURN

A(L)y CPLACI)s VLW(L}, CPUN{I), VUW{I)}s LINEL

FORMAT(1HO5 27X SHLOWER) 23X SHUPPER/ 28X s 4HY = =H5 24K, 4HY 541}
FORMAT(3X, LHI» 8X» 1HX) 10X 2HCP» 9%y SHTHETA» 12Xs 2HCP» 9Xs SHTHETA/)
FORHMAT(IH »1323FLl24654X32F124592X560A1)

FORMAT(ZH) ,3A4, 204 BOUNDARY CONDI(ION.)

FORMAT(1HO» 10X, 24HH (TUNNEL HALF HEIGHT} ®5F946515Xs

1 10HSCALED H =,F9.b)

905 FORMAT{1HO»11X»234POR (POROSITY FACTOR) =»F946013Xs
1 12HSCALED POR =,F940}

9C6 FORMAT(1HOs14X»20HF (SLOT PARAMETER) =, F9.6)

507 FORMAT{AHOs29XsBHCP® 24F0,6}

COMNON /7 CDHML/ IMIN » LHAX » IUP »
1 ITE

1

1

END

FUNCTIOR PX(1,J)
FUNCTION PX COMPUTES U = DP/DX AT POINT I,y
CALLED BY = CDCOLEs DRAGs FINDSK, MACHMP» MILINE,
NEWSK, PRINT1, PRTFLD, PRTWALs
COMHON P(102,101)s x(100) , Y(100}
TO0WN s ILE
» JHIN 7 JHAX s JUP s JLOW
JToe » J8OT
COMMON / COM5/ XDIFF(L100),YDIFF(100)

TEST TO LOCATE END POINTS
IF(I «FQe IHIN) GO TO 10
IF(I 4EQs INAX) GO TO 20

INTERIOR MESH POINT
PII = PUJ, I}
PR = o5%{XDIFF(I+1)%(P(J,[+1)=PI])
RETURN
CONTINUE

+ XDIFFCI}®(PIL=PLJsI=1))}

UPSTREAH BOUNDARY
PX ® leS*XDIFF(L4LI*(P(J,T41)=Pl)51)) =
OeS5*XDIFF{I+2)2(P(Js1+2) = P(JyI41)}
RETURN
CONTINUE
DOWNSTREAM BOUNDARY
PX @ 1 5%XDIFF(II®(P(JsI) = P(JrI=1)}
=0e5*XDIFF(I~1)#(P{JsI=1) = PlJyI=2})
RETURN
END

PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTAAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTwAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTNAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTwAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTWAL
PRTINAL
PRTWAL
PRTWAL

113

15
116
117
11e
119
120
121
122
123
124
125

127
128

130
131

oo

4

an

oo

an

10

20

21

22

40

41

42

50

FUNCTION PY(I,J}
FUNCTION PY COMPUTES V = DP/DY AT POINT I,J
CALLED BY = CDCOLEs PRTFLD, PRTWALs

COMHON P{102,101),X(130) , Y(100)

COMMON 7 COM1/ IMIN s IRAX » LUP » IDOWH » ILE »
1 1TE » JHIN » JHAX s JuP s JLOW »
2 JTOP » JBOY

COMMON 7 COM2/ AK » ALPdA » DUB »- GAM1 » RTK

COMMON 7/ COM5/ XDIFF{100),YDIFF(100)

COMHMON 7 COH6/ FLI100) , FXL(100), FU(L100) » FXU(L00),

1 CAHBER(100), THICK{100}, V0L » XFOIL(100), IFOIL

COMMON 7COM267 PJUMP{100)

INTEGER 8CTYPE

COMMDN /COM287 BCTYPE » CIRCFF , FHINV » POR » CIRCTE

TEST FOR END POINTS OR POINTS NEAR AIRFOIL SLIT
IF{J +EQe JMIN} GO TO 10
IF(J +EQe SLOW) GO TO 20
IF(J oEGe JUP ) GO TO 40
IF(J +EQe JHMAX) GD TO 50
I,J IS AN INTERIOR POINT
PIT = P(S 1)
PY ® ,54(YDIFFIJ#1}#{PIJ#1,1}=PJI) + YDIFF(J)#(PII=PlJ=1s111})
RETURN
CONTINUE
I1sJ 1S ON LOWER BOUNDARY. USE ONE SEIDED DERIVATIVE
PY = 1e5% YDIFF(J4LIR(PLI4L, 1) = PLI 1)) =
1 Oo5% YOIFF(J42)#{PLI42,I) = PUJ+1s1))
RETURN
CONTINUE
I,d IS ON ROW OF MESH PIINTS BELOW AILRFOILe

VHINUS = YDLFF(J)#(P(J,I) = PLJ=1,1))

TEST TO SE€ IF I,J IS AHEADs UNDER» DR BEHIND SLIT.
IF(I +LTe ILE)} GO TO 21
IFtI 6T ITZ) GO TO 22
IsJ 1S UNDER AIRFOIL.
CONDITIDN.
IC = I ~ ILE #+ 1
PY ® o5 # (FXL{IC) = ALPHA + VHINUS)
RETURN
CONT INUE

USE DERIVATIVE BOUNDARY

1pJd IS AHEAD OF AIRFOIL.
PY = J5#((P(JUP,I) = PLJILOW L)} % YDIFF(JUP) + VMINUS)
RETURN
CONTINUE
1pJ 15 BEHIND AIRFODIL
PY = o5¢((P(JUP» 1) = PJUMPII) = PLJLOWSI)) * YDIFF(JUP} + VHINUS)
RETURN
CONT INUE
I,4 IS ON ROW OF MESH POINTS ABOVE AIRFOIL
VPLUS = YDIFFLJ+1)®(P(J+1,1) = PiJ, 1))
TEST TO SEE IF I IS AHEAD DF, OVERs OR BEHIND
AIRFOIL SLIT.
IFLT oLTe ILE} GO TO 41
IFCL «GTs ITE) GO TD 42
IC » 1 = ILE + 1
PY & o5 ® (VPLUS + FXU(IC) = ALPHA)
RETURN
CONTINUE
154 IS AHEAD OF AIRFOIL.
PY » 54 {{PLJUP,I) = P{JLOW,I)} * YDIFFEJUP) + VPLUS)
RETURN
CONTINUE
I,J IS BEHIND AIRFDIL
PY w o5#{(P{JUP, I} = PJUNP(I) = PLJLOW»I)) * YDIFF(JUP) + VPLUS)
RETURN
CONRTINUE
I,J IS ON TGP ROW OF MESH POINTSe USE ONE SIOED
FORMUL A :
PY = LyS*YDIFF(JI#(P{JyI} = P(d=ls1))
1 = OeS*YDIFFLJ=2)"(P(J=1,I) = P(J=2,I})

RETURN
END

[PP) V) VY RY XY NP N Yy Y R A
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SUBROUTINE READIN
c CALLED BY = TSFOIL,

INPUT EXPLANATIDN
PP, Py SERERR RN

o
-
-
-

READIN
READIN
READIN
READIN
READIN

ALL INPUT IS READ IN THIS SUBROUTINEs THE ORDER IS AS DESCRIBED

BELOW,

Ye) ONE CARD OF TITLE INFORMATIONes AN +Aé (ALPHANUMERIC) FORMAT
15 USED TO READ AND WRITE THIS INFORMATION. MULTLPLE CASES
HAY 8¢ RUN WITH THIS PROGKAM AND THE DATA FOR EACH CASE
MUST START WITH THIS CARDs THE LAST CARD OF THE INPUT MUST
BE A CARD wITH THE WORD $FINISHED® IN THE FIRST 8 COLUMNS.

~
-

NAMELIST CONTAINING THESE PARAMETERS IS NOW READe (SEE
FORTRAN HANUAL FOR OESCRIPTION OF NAMELIST INPUT). THE
BLOCK DATA SUBROUTINE SETS A DEFAULT VALUE, AS NOTED BELODW»
FOR ALL OF THESE PARAMETERS.
ONLY THE VALUES WHICH ARE DIFFERENT FROM THE PREVIOUS CASE
{OR DEFAULT) HUST BE INCLUDED, ALTHOUGH AT LEAST ONE VALUE
MUST BE INPUT BY NAMELIST FOR EACH CASE.

# [F) = FLOATING POINT »

# (I) = INTEGER *
# (L} = LOGICAL *
DEFAULT
VALUE
AMESH (L) OPTION FGR ANALYTICAL MESH CALCs

Fa
«TRUEe X AND Y MESH VALUES ARE CDHPUTED
aCCLruING To &N anaLYTIC
FUKBULATIUN. T4 o~ID Ll IS
VAAXI23],JHaX]eby, AND ALLORS
rde 1al P54 CUTS,
«FALSEs X AND Y POINTS ARE THE DEFAULT
VALUES OR THE VALUES SUPPLILED
BY THE USER THRU NAMELIST,.

EMACH (F) FREESTREAM MACH NUMBERe 75
NOTE®**+EHACH MAY NOT 8t = 1.0
DELTA IF}) 80DY THICKNESS RATIO. «115
ALPHA  (F) ANGLE OF ATTACK (DEGREES IF PHYS=T) 12
AK {F) TRANSONIC SIMILARITY PARAMETERs Je0
(IRPUT REQUIRED ONLY IF PHYS = oFs )
GAN {F) RATIO OF SPECIFIC HEATS, 14
SIMDEF (1) SIHILARITY DEFINITION. 3
el COLE
=2 SPREITER
=3 KRUPP
=4 USER
PRTFLO (I) OPTION FOR PRINT OF FINAL FLOW FlELD. 1

»1 NO FLOW FIELD PRINT.
w2 ALL J LINES PRINTED.
®3 PRINT 3 J LINES AROUND HAXIMUM ERROR
OPTION FOR INITIALIZING P ARRAYe 1
=1 SET TO 2ERC.
2 READ P FROM UNIT 7
*3 USE P LN CORE {PREVIOUS CASE).
OPTION FOR SAVING RESTART B8LOCK OF oFe
VALUES ON UNIT 3.
=,JRUEs SAVE FDR RESTART.
woFALSEe DO NOT SAVE,
FULLY CONSERVATIVE RELAXATION OPTIDN .
#oTRUEs DIFFERENCE ZQUATIONS ARE
FULLY CONSERVATIVE FORH.
=oFALSEe DIFFERENCE EQUATIONS NOT
CONSERVATIVE AT SHOCK WAVES.
KUTTA CONDITION OPTION. oTs
=eTRUZe KUTTA CONDITION IS ENFORCED
=oFALSEs LIFT COEFFICIENT SPECLFIED
BY USERe
LIFY COEFFICIENT, USED IF XUTTA o0
IS FALSE.
OPTION FOR FOIL OR BODY GEDMETRY, 3
=1 NACAOOXX
w2 PARABOLIC ARCe
»3 ORDINATES (READ LATER IN NAMELIST
IF DIFFERENT FROM DEFAULT VALUES WHICH
ARE FOR THE KORN AIRFOIL)e
*h USER OPTIDNs
DESCRIBES THE TYPE JF FLOW TO BE 1
COMPUTED.
®1 FREE AIRa
®2 SOLID wAtls
w3 EREE JET.
=4 SLOTTED WALLe
=5 POROUS WALL»
F {F} TUNNEL SLOT PARAMETER. Os

PSTART (f

PSAVE (L

FCR W

-
o

KUTTA  {L

CLSET (F

BCFOIL (I

BCTYPE (I

EADIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
REACIN
READIN
READIN
READIN
READIN
READIN
READIR
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
REAQIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
RZADIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
REACIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN

CAMa OAAAN000MNAANAN OAOONDNANANANADAE OO0 PAONNDAAOMACOAONNAONAMNON

H (F} TUNNEL HALF HEIGHT/CHORD RATIO, s
POR {F) WALL POROSITY FACTOR. 0
PHYS {L) TYPE OF SCALING TO USE FOR 1/0. oTe

“sTRUEs PHYSICALLY SCALED VALUES.
=oFALSEs TRANSONICALLY SCALED VALUES
FOR PHYS = oF¢ » ALSO INPUT VALUE FOR AKe

IMAXL (1) NUMBER OF X=HESH POINTS{eLEe 100) 7
JHAXT (1) NUMBER OF Y=MESH POINTS(eLEs 100) 56
IHIN tI) X MESH POINT WHERE CALC IS TO START 1
JHUIN (1) Y MESH PDINT WHERE CALC IS TO START 1

vt (I) CONTROL FOR MESH CUT AND REFINEMENT. 2
= 0 INPUT MESH IS USED TG CONVERGENCE.
= 1 INPUT MESH MAY BE CUT ONCE,
= 2 INPUT MESH MAY BE CUT TWICE.
wE {F) 3 VALUES FOR RELAXATION FACTOR FOR 1.8
ELIPYIC PTSe 1-ST FOR COARSE HESH» 149
2-ND FOR MEDe MESH AND 3=RD FOR 1.95
FINE MESHe DEFAULT VALUES ARE SUGGESTED
VALUES, IN ORDERe IF SPECIFLED IN INPUT
ALL THREE VALUES MUST B8E GIVEN,
WCIRC {F) RELAXATIDON FACTOR FOR CIRCULATION. 1.0
MAXIT {I) MAXINUM NHUMBER DF ITERATION CYCLES 500
ALLOWED.
CVERGE {F) CUNVERGENCE CRITERION FOR RESIDUALS «00001

DVERGE (F) DlVERGENCE CRITERION FOR RESIDUALS 10.
OF

RI1GF (F) REIGLES RULE FOR BODY SLODPEs 040
&Ps {F) COEFFICIENT OF PXT 2
IPRTER (I) CONTROL FOR FREQUENCY OF PRINT OF 10

LINE IN HESH WHERE ERROR IS LARGESTe
IvEe IPRTER#10 » LINE WILL BE PRINTED
EVERY 10=TH ITERATIONs

NOTE®*¢x# WHEN ARRAYS ARE READ BY NAMELIST THE FULL ARRAY MUST BE

»a0eed NOTE

COMMOR
COHMON
1

COMMOKR

LOGICAL

COMHON

LOGICAL

COMMON

COHHON
1

INTEGER
COMMON
1

LOGICAL
COMMON

1
INTEGER
LOGICAL

SET, IeEe IF ALL VALUES ARE NOT REQUIRED THE ARRAY MAY
8E FILLED USING MULTIPLE ZEROSe (Ne0,0)
Xy (F) ARRAY = X VALUES FDR UPPER 8QDYe USED
IF BCFOIL = 3+ KORN AIRFOIL USING ALL
100 PT3,(UPPER} AND 75 (LOWER) IS DEFAULT.

XL {F) ARRAY = X VALUES FOR LOWER BODY.
Yu {F) ARRAY = Y VALUES FOR UPPER BQDY.
YL (F) ARRAY = Y VALUES FOR LOWER BQDY,
Ny (1) NURBER OF POINTS TO USE FOR UPPER BODY 100
NL (1)} NUMBER DF PDINTS TO USE FOR LOWER 80DY 75

THIS PKOGRAM USES A MESH REFINEMENT METHOO FOR DECREASING
COMPUTER TIME, FOLLOW THE RULES BELO4 FOR CONSTRUCTING THE
X AND Y MESH TO TAKE FULL ADVANTAGE OF TdlIS FEATURE.
IHAXL - ITE SHOULD BE A MULTIPLE OF 4.
ITE = IMIN SHOULD BE A MULTIPLE OF 4.
JMAXT = JUP + 1 SHOULD BE A MULTIPLE OF ¢
JLOW = JHIN + 1 SHOULD BE A MULTIPLE QF 4
(WHERE JLOW IS LAST PODINTV BELOW SLIT AND
JUP IS FIRST POINT ABOVE SLIT.)
WHERE ITE = I FOR X = 140 (OR POINT ON BODY CLOSEST T3
X = 1e0)o
SUBROUTINE CKMESH ENSPECTS THE X AND Y MESHES TO SEE IF
THIS IS TRUE AND» IF NOTs WILL MODIFY INPUT MESH IN SONE
CASESe

XIN {F) ARRAY = X MESH POINTSe LIMIT 100 PTSs
YIN (F} ARRAY = Y MESH POINTSs LIMIT 100 PTSe
X AND Y MESH DEFAULT VALUES ARE KRUPP

BASIC GRID.

P1102,101),X£100) , Y(100)

7 COMLl/ IAIN » IHAX » LUP » IOONN , ILE >
1TE » JHIR » JHAX s JUP » JLOW ]
JdTaP » JdBOT

1 COH2/ AK » ALPHA  , DUB » GAML » RTK
ABORT

/ COM3/ [REF » ABORT » ICUT s KSTEP
AMESH

£ COM&/ KIN(10O} » YIN(100)s AMESH

1 COMB/ CVERGE » DVERGE » IPRTER , MAXIT
WEL3) » EPS
BCFOIL

7 COM9/ BCFOIL  » AL s NU » XLE100) » XUI10D) »
YLLL00} » YUL100) , RIGF

XGRDIN» YGRDIN

/COM10/ YFREEC100) » YTUNC(I0O0} » XKRUPP(100) , GAM ]
JHXF » JBXT » XGRDIN , YGROIN
PSTART
PSAVE

READIN
READIN
READIN
READIN

READIN .

READIN
READIN
READIN
READIN
READIN
READIN
REAOIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN

READIN .

READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
RIADIN
READLN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIK
READIN
READIN
READIN
READIN
READIN
READIN
READIN
BLANK
COML
COML
coML
Conz
CaM3
COH3
COMs
COMg
CcOKg
COMB
COH9
COM9
CoM9
COM10
cONLO
CanLo
cOALL
COM11

127
124
129
130
131
132
133
134
135
136

WNILNPURURNERERN PO W
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COMMON /COM1L/ ALPHAG , CLOLO , DELTAC , DUBO » EMACHO
1 InIND s [MAXO  , [MAKI » JHIND s JMAXD ’
2 JMAXT » PSAVE 5 PSTART , TITLE(8I, TITLEO(B),
3 voLo » XOLD(100),YDLD(100)

COMAON /COML2/ F » H » HALFPL , PI s RTKPOR »
1 TWOPI

LOGICAL FCR » KUTTA

COMHMON /COM14/ CLSET » FCR » KUTTA » WCIRC

LOGICAL PHYS

INTEGER PRTFLO  » SIMDEF

COMKON /COMe?/ CL » DELTA , DELRT2 , EMACH , EMNROOT

PHYS » PRTFLO , SIMDEF , SONVEL , VFACT )
YFACT

INTEGER 8CTYPE

COMMON /COM287 BCTYPE s CIRCFF » FHINV » POR » CIRCTE

DATA DONE /BHFINISHED /

CATA IFIRST 70/

NAMELIST FINP/ AK » ALPHA 4 AMESH , BCFOIL » BCTYPE » CLSET,
1 CVERGE » DELTA , DVERGE » EMACH » EPS » ’
2 FCR » GAHM s H » ICUY » IMAXL » IRIN ,
3 IPRTER » JHAXI , JHIN » KUTTA » HAXIT , NL ’
4 NU » PHYS » POR » PRTFLO » PSAVE
5 PSTART 5 RIGF » SIMDEF » WCIRC » WE »

[} XIN » YIN » K » YL » XU s YU ’
7 XGRDIN 5 YGROIN
5 CONTINUE

IF (IFIRST «NEs O0) 60 TO 2

IFIRST = 1

CALL SECOND (TIMER)

2 CONTINUE

TIMELl = TIHE2
CALL SECOND (TIME2)
ELPTHM = TIMEZ = TIMEL
IF (ELPTH 4LTs #0L) GO TO 2
WRITE (6,93Q0) ELPTH
3 CONTINUE
READ (5,900) TITLE
WRITE(£,901) TITLE
1F (TITLE(1) <NEe« DONE) GO TO 10
WRITE(6,904)
sTOP
19 CDNTINUE
KEAD (S5, INP)
IF (PSTART oNE. 3) GO TO 13
TEST TO SEE LF P ARRAY [N COKE LS USEABLE.
IF { +NQT. ABORT) GO TO 13
WRITE {6,9C5)
60 T0 5
3 CONTINUE
IF ( PHYS } AK = 0.0
IF ( «NOTe AHESH )} 60 TO 14
CALL AYMESH
G0 T0 22
CONTINUE
IF (YGRDIN) GD TO 18
IF YIN NOT READ IN NAMELIST, FILL YIN BY
ODEFAULT VALUE FDR TUNKEL OR FREE AIR CASEs
IF (BCTYPE <NEs 1) GD TO 16
JHAXT = JMXF
D0 15 JeJMIN, JHAXI
YINLJ) = YFREE(J)
15 CDNTINUE
GO TO L@
16 CORTINUE
JHAXL = JHXT
00 17 JwJHINy JHAXI
YINCJ) = YTUN(J)
17 CONTINUE
18 CONTINVE
IF (XGRDIN) GO TOD 22
00 21 1=IMiNy IMAXI
21 XIK{I)=XKRUPP(I)
22 CONTINUE
WRITE (65921)

-

-
*

WRITE (6,906} EMACH, POR» IMIN, BCTYPEs AMESH
WRITE (6,907) DELTA, CLSET, 1MAXIs BCFOIL, PHYS
WRITE (6,908) ALPHA, EPS » JMIN , PSTART, PSAVE
WRITE (62909) AK » RIGF , JMAXI,» PRTFLO, KUTTA
WRITE (6,910} GAM, WCIRC, MAXIT, [PRTER» FCR
WRITE (6,911) Fs» CVERGEs NUs SIMDEF

WRITE (6,922) H» DVERGEs NL, ICULT

WRITE (6,920) WE

WRITE (6,913}

WRITE (65919) (XIN{I},I=IMINs INMAXI)

COMLL

canl1

canLl

CoMil

CON12

comz

COML4

conls

comz?

Canz?

canz?

canz7

canz?

coN28

conze

READIN
READIN
READ IN
READIN
READIN
READIN
READIN
READIN
READLN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READ LN
READIN
READIN
READLN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
REAGLN
READ IN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READLN
READIN
READIN
READIN
READ [N
READIN
READIN
READIN
READIN
READIN
READIN
READIN
KEADIN
RZADIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN

WRNoUMILRBRNWR NG GS

e
ocoo
0w~

470

[
jry
=

172
173
174
175
176
177
i78
179

181
182-
183

106"

185
i86
187
134

190

209

214

216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237

o0 oo

anoo

1

2

<

o

£l

&

4

o
9

6

0

w

o o

©

WRITE(6,1000) TITLEQ,
1

WRITE (6,914)

WRITE (6,919) (YIN(J),JuJMIN, JHAKI}
IF (8CFDIL +LEs 2) 60 TO 19

WRITE (6,915)
WRITE (6,419)
WRITE (65916)
WRITE (65919)
WRITE (6,917)
WRITE (6,919)
WRITE (6,918}

AXUCLYy Lol NU)
YUl IeleNU)
(XL, [=1sNL)

WRITE (659191 (YL{I)»I=lsNL)
CONTINUE

GAHY = GAM + 1,0

IREF » 0

IMAX = [HAXI

JHAX o JHAXI

IML = IMAX =)

JH1 = JMAX = 1

IF (IMAXI «6Te 100 «ORe JHAXI oGTs 100) CALL INPERR {3}
ANY CALL TO INPERR CAUSES A MESSAGE TO BE
PRINTED AND EXECUTION IS STOPPED.

CHECK INPUT MESH FOR MONOTONICALLY INCREASING
VALUES.
DO 20 I=IMINsIHL
IF (XIN(I) oGEes XIN(I+1)} CALL
CONYINUE

INPERR {2)

00 30 J=JHIN» JHY
IF (YIN(J} oGEe YIN(J41)) CALL INPERR (3}
CONTINUE

IF (EMACH oLV. o5 oORe EMACH oGTe 2400 CALL INPERR (4)
IF (ALPHA «LTa =940 «ORs ALPHA «GTe 940 ) CALL INPERR (5)
IF (DELTA +LTs Us0 o0Re DELTA «GTe 1e0) CALL INPERR (6]

COMPUTE ILE AND ITE (LEADING AND TRAILING EDGE)
CALL ISLIT { XIN )

COHPUTE JLOW AND JUP (LOCATION OF BODY SLIT)
CALL JSLIT ( YIN

CHECK NUMBER OF MESH PDINTS, IF NOT QDD ADD
POINTS TO APPROPRIATE AREAS TO MAKE ODD NOe

CALL CKMESH

CHECK BOUNDS OF YMESH FOR TUNNEL CALCULATIONS.
IF (BCTYPE +EQ., 1} GO TO 90
HTH = H = ,00001
HTP = H ¢ 00001
¥YS = ABS(YIN(JHIN))
YE = ABS(YIN(JHMAX))
IF (¥YS oLTe HTH oORs ¥S oGTe HTP) GO TO 40
IF (YE oGEs dATM 4ANDs YE oLEe HTP) GO TO 9C
CORTINUE
RESCALE Y NESH TO =H,+H BOUNDS.
TERH = =H / YIN({JMIN)
DD 45 JeJMINs JLOW
YIN(J) « TCRH * YINCJ)
CONTINUE
TERM = H /7 YINCSMAX)
00 50 JwJUP,JMAX
YIN(J) = TERH » YIK(J)
CONTINUE

CONTINUE

IF PSTART » 2 READ OLD VALUES FROH TAPE 7.
IF (PSTART oNE, 2) 60 TO lo0

REWIND 7

READ (7,900) TITLEOD
READ (7,902) [MAXD,
READ (7,903) CLOLDs» EHACHO, ALPHAOs DELTAOQ,
READ (7,903) (XQLDU(I),E=TMINO,IMAXD)

READ (7,903) (YOLD(J),J«JHIND; JHAXD)

00 60 I=IMING, INAXO

READ {7,903) (P{Js[)s JeJHIND» JHAXD)
CONTINUE

JHAXO, IMING, JHMINO

vOLO, DuBO

IHINO, IHAXGs JNINOs JHAXO»CLOLD s EMACHDS
ALPHAOsDELTAD, VOLOs DUBO

READIN
READIN
READIN
READIN

-READIN

READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READLRN
READIN
READIN
READIN
READIN
READIEN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READLK
KEADIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIR
READIN
READIN
READIN
REAOIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READLN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
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ocomenan

CONTIRUE
RETURN

FORMAT(EALC)

FORMAT(1H1,23X,8A10}

FORMAT(415)

FORMAT(BF1Cab)

FORMAT{1H1)

FORMAT(2LHO CALCULATION ABDRTED//

1 43H NUTPUT OF PREVIOUS SOLUTION KOT AVAILABLE.)

906 FORMAT{1HO, 12Xy THEMACH =, F9s5,8Xs SHPOR =5 F9e5s TXs OHININ 5 15
1 5Xp EHBCTYPE =5 13,9Xy BHAMESH = ,L1)

647 FORMAT(1HG»12X» THDELTA #5F9a5,6Ks THCLSET 25F945,6X» THINAKL =5 15,

5KX>BHBCEQLL *»I3,20X, THPHYS = ,L1)

505 FORMATULHO;12XsTHALPHA =5 F945) 3Xp SHEPS #,F945» 7Xs 6HIHIN =, [ 5y
1 5Xs BHPSTART #513,9XsOHPSAVE = ,L1)

909 FORMATULHO» 15Xs4HAK @) F345s TXKs 6HRIGF #2F9a5,6Xs THINAXL =515,
1 5Xp GHPRTFLO =5 I359%s BHKUTTA = L1}

610 FORMAT(IHO» 14Xy 5HGAM ®pF9455 6Xs THWCIRC =5F94 55 6Xs THHAXIT =5 [5)
1 5Xp QHIPRTER »5L351LXp6HFCR » ,L1)

Q11 FORMAT(LHC)16X»3HF wsF9e5s5X s IHCVERGE msFFa5»9Xs 4HRU =r I3
1 5Xs GHSIMDEF =,13)

$12 FORMATU1HOs16Xs3HH = FQe5s5Xs BHDVERGE »5FPels 9Xs 4HNL =515,
1 TXs 6HICUT =, [3)

13 FORHAT(1HD,14X,3HXIN)

14 FORMAT{IHC»24Xy3HYIN)

915 FORMAT{1HU»15Xs2HXU)

416 FORMAT(1HOs15R,2HYU)

917 FORMAT(LHO»15X,2HXL)

18 FORMAT(1HO, 13X, 2HYL)

Q19 FORMATU(10X,8F13.6)

920 FORMAT{1HO,15Xs9HWE = ,F4e2s2{1H,F4e2))

621 FORMATU//7/758Xy LHINPUT PARAMETERS/58X,16(1H1 /)

430 FORMAT{22HITIME TO RUN CASE WAS »Fbe259H SECONDSs)

1000 FORMAT(39HLP INITIALIZED FROM PREVIOUS RUN TITLED/
1 1Xs EA10/31H WHICH HAD THE FOLLOWING VALUES/
1 BH LIHIN ,14/78H LMAX p[4/8H JMIK =, 14/8H JHAX =pI4/
1 8H CL apF124678H EMACH = Fl248/78H ALPHA =,F1248/
1 8 DELTA =pF1248/8H vOL =sF1246/8H DUB =pFl2487)

ERD

SUBROUTINE RECIRC
SUBRDUTINE RECIRC COMPUTES THE FOLLOWING
le) JUMP IN P AT TRAILING EDGE = CIRCTE
2¢) CIRCULATION FOR FARFIELD BOUNDARY = CIRCFF
34) JUMF IN P ALONG SLIT Y®0, X «GTel BY LINEAR
INTERPOLATION BETWEEN CIRCTE AND CIRCFF
4e) PLJO,ITE} AND PO, ITE=1)
CALLED BY = SOLVZ,

COMMON P{102,101)5X(130} , Y(100)
COMMON 7 COML/ IMIN » INAX » IUP s LDOWN  » ILE »
1TE » JHIN » JHAX 2 JUP » JLOw »

2 JTOP s J4BOT

COMMON /7 COM2/ AK » ALPHA  , DUB » GAMl » RTK
COMMON 7 COM7/ CJUP s CJUP1 » CJLOw » CJLOWL

COMMON 7COM13/ COFACT » CLEACT , CMFACT » CPFACT , CPSTAR
LOGICAL FCR » KUTTA

COMMON /COHLl4/ CLSET » FCR » KUTTA » WCIRC

LOGICAL DUTERR

COMHDON /COHML8/ ERROR » I1 » 12 » LERROR , JERROR
1 OUTERR » EMUC100,2) » VCL100) »

» OCIRC » POLD(LDIs2)

2 133
COMMON /COM22/ CXCL200) » CXL(10D}s CXR{100}» CXXC{100),CXXL{100),

CXXR(100), C1(100)

1
COMHMON 7COM267 PJUMP(100)
TEGER

IRTEGE BCTYPE

COMKON 7COM287 BCTYPE » CIRCFF » FHINV 5 POR » CIRCTE

COMPUTE JUMP IN POTENTIAL AT TRAILING EDGE

CTEOLO=CIRCTE
PUP = CJUP*P(JUP,ITE) = CJUPL¢PLJUP+1,ITE}
PLOW ® CJLOW#P{JILOW, ITE) = CJLOWL®P(JLOW-1,1TE)
CIRCTE = PUP = PLOW
COMPUTE FAR FIELD CIRCULATION
CIRCO » CIRCFF
IF(KUTTA) CIRCFF ® (1¢~WCIRCI®CIRCO + CIRCTE*WCIRC

READIN
READIN
READIN
READIN
READIN
READLN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
READIN
RZADIN
READLN
READIN
READIN
READIN
READIN
READLN
READIN
READIN
READIN
Rz ADIN
READIN
READIN
READIN
READIN
READIN
READIN
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RECIRC
RECIRC
RECIRC
RECIRC
RECIRC
RECIRC
BLANK
COHl
Cohe
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canz
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COM14
conle
COMLB
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COH18
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RECIRC
RECIRC
RECIRC
RECIRC
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RECIRC
RECIRC
RECIRC
RECIRC
RECIRC
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IF(oNDTs KUTTA) CIRCFF = (S#CLSET/CLFACT
FIX JUMP IR P AT ALRFOIL TRAILING EDGE [F KUTTAsoF,
AND LIFT OF AIRFOIL EXCEEDS CLSETe THIS TREATMENT
ASSUMES THAT CL IS INCREASING FROM BELOW CLSET OR
IS NOT TOU HUCH ABOVE CLSET TO START CALCULATION.

1F { oNOTs KUTTA) CLRCTE = CIRCFF
DCIRC=CIRCTE~CTEOLD

SET JUMP IN P ALONG Y = 0y X o0Ts 1
FACTOR = (LCIRCFF = CIRCTEMIX(IMAX) = 14)
DO 35 I = ITEsIlRAX
PJUHPLI} = CIRCTE ¢ (X(I} = 1la) * FACTOR
CONTIRUE

RETURN
END

SUBROUTINE REDUB
* SUBROUTINE REDUB COMPUTES DOUBLET STRENGTH
FOR LIFTING FREE AIR FLOWS, DOUBLET STRENGIH IS SET
EQUAL TO MODEL VGLUME. FOR OTHER FLOWS» THE NON
LINEAR CONTRIBUTION IS ADDED.
CALLED BY = SOLVE.

COMMOR P(102,101)5X(120) » Y(100)

COMMON / COMLl/ IMIN » IMAX » 1UP » IODWN , ILE ’
1 ITE » JHIN » JHAX » Jup » JLOW ’
2 JT0P » JBOT

COMMON /7 COM2/ AK » ALPHA , DuB » GAML » RIK

CORHON 7 COMB/ XOIFF(100)»YDIFF(100)

COMMON 7 COM4/ FL(L0OG) » FXL(1DO), FUL100) » FXU{100),

1 CAMBER(100}s THICK{10Q),VOL » KFOIL(lUO}, IFOIL

INTEGER BCTYPE

COMMON /CON287 BCTYPE » CIRCFF , FHINV , POR » CIRCTE

COMHON /COM30/ XI(100} » ARG(100) » RESTI(204)

IF{BCTYPE oNEs 1) GO 7O 10 -

IF(BCTYPE oEQs 1 oANDe ABS(CIRCFF) oLTe 40001} GO TO 10
DUB = VOL

RETURN

CORTINUE

COMPUTE DOUBLE INTEGRAL OF U*U OVER MESH DOMAIN FOR
DOUBLET STRERGTH

U = PX 1S CENTERED MIDWAY BETWEER X MESH PUINTS.
FIRST THE INTEGRAL (Px**23DY IS CALCULATED FOR X
HELD CONSTANT. THUS Leo/{X{14l)=X(I1))%&#2 HAY BE
PULLED OUT OF THE INTEGRAL WHICH IS CALCULATED BY
THE TRAPEZOIDAL RULEe THE X INTEGRATION CORRESPONOS
TO SUMMING THESE INTEGRALS, WHICH LIE MIOWAY BETWEEN
X MESH POINTS, USING A MODIFIED TRAPEZODIAL RULE.

IEND « IHAX = 1

OBLSUM = Oa

00 50 I=IMIN,IEND

NARG = O

00 30 J = JMIN, JHAX

NARG » NARG + 1

TEHP = PLJsI+l} = Pid,I)
ARG{NARG) = TEHP * TENP
XI(NARG) = Y(J)

CONTINUE

CALL TRAP(XI»ARG,NARGsSUH)
DBLSUM = DBLSUM + SUM * XDIFF(1+¢1)
CONTIRUE

DBLSUM = GAM1#,25+DBLSUM
DUB = VOL + DBLSUM

RETURN

END

RECIRC
RECIRC
RECIRC
RECIRC
RECIRC
RECIRC
RECIRC
RECIRC
RECIRC
RECIRC
RECIRC
RECIRC
RECIRC
RECIRC
RECIRC
RECKRC
RECIRC

REDUB
REDUB
REDUS
REDUB
REQUB
REDUB
REDUB
BLANK
cinl

COMl

COML

coM2

CON5

coMb

COM6

comzs
conzs
REDUB
REDUB
REQUB
REDUB
REDUB
REDUB
REDUS
REDUB
REDUB
REDUB
REDUB
REDUB
REDUB
REDUB
REDUB
REDUSB
KEDUB
REOUB
REDUS
REDUB
REOUb
REDUB
REDUB
REDUB
REDUB
REDUB
REDUB
REDUB
REDUS
REDUB
REDUB
REDUB
REDUB
REDUB
REDUB
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SUBRQUT INE REFINE
ROUTINE TO EXPAND THE X=MESH AND Y-MESH TO
DOUBLE THE NUMBER OF POINTS IN EACHe WILL HAVE
TO BE CALLED TWICE IF MESH WAS HALVED TWICE,
THE PUJsI) MESH IS ALSO FILLED BY
INTERPOLATION,
CALLED BY = TSFDIL.

CoMMON P(102,101),XC100) , Y(190)

COMMON /7 COML/ IMIN » IHAX » IUP » IDOWN s ILE ’
ITE » JHIN » JHAX s JuP » JLUW I3
JTOP » 480T

LOGICAL ABORT

COMMON / COM3/ IREF » ABORT » ICUT » KSTEP

LOGICAL AMESH

COMMQN / CLM4/ XIN(LDO) » YIN(100), AMESH

COHMON 7COM20/ XMID(100)}, YNID{10Q)

INTEGER BCTYPE

COMMUN /COM28/ BCTYPE s CIRCFF , FHINV s PGR » CIRCTE

COMMON /COM30/ PT(100) , REST{304)

JHAXD = JHAX
IMAX = 2 % (IMAX = IMIN) + ININ
JHAX = 2 ® L[JHAX = JHIN} + JNIN ¢ 1
IM2 = [MAX - 2
JH2 = JHAX - 2
IF {IREF «GTs 1) GO TO 30
D0 10 I=IMINy IMAX
X(I) » XINID)
CUONTINUE
00 20 JaJHINK, JHAX
YU = YINCD)
CONTINUE
IREF = 0
G0 TO 60
CORTINUE
00 40 I=IMIN,IHAX
X{I) = xAIDC(I)
CONTINUE
DO 50 JeJdMIN, JHAX
Y{J) = YHID(L)
CONTINUE
IREF = 1
CONTINUE
CALL ISLIT ¢ X))
CALL JSLIT t v )
SPREAD P{JsI) TO ALTERNATE I{X=MESH) POINTS.
00 90 J=JHINy JHAXD
K = ININ = 1
00 70 I=IHIN, IHAXs2
K=K+l
PT(1) = PUJsK)
CONT INUE
DO 80 I=IMINsIHAX,2
PlJs1) = PT(I)
CONTINUE
CONTINUE
SPREAD P(Jy1) TO ALTERNATE J (Y~MESH) POINTSe
D0 130 IsIMIN, IMAXs2
K = JHIN ~ 1
df = JLOW = 2
JL o= JLOW - 2
00 95 J=JHINs JE» 2
K=K+1
PT(J} = P(KsI)
CONTINUE
JST = JUP ¢ 1
00 100 JeJST,JMAX,2
Kw K+ 1
PTLJ) = PIK,I1}
CONTINUE
00 110 J=JHMINsJEs2
PUdy I} = PTLI)
CORTINUE
D0 120 JeJSTy JHAX,2
PUI, I} = PY{Y)
CONTINUE
CONTINUE
INTERPOLATE TO FILL IN THE MISSING P VALUES.
00 140 I=IMINyIM2
PTCI) o (X(I4L)=X(E)) 7 (X{I42)=X{I})
CONTINUE
DO 150 J=JMINsJE,2
DO 145 IsIMINyIM2,2
PUI,T41) = PLJsI) ¢ PTUI) * (P(J,[42) = P(4, 1))
CONTINUE

——

REFINE
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REFINE
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REFINE
BLANK
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COML
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150 CONTINUE
DO 160 J=JST, JHAX,2
DO 155 I=IMINyIM252
PUJyE¥1) = PLIYL) + PTUI) ¥ (P(Jy142) = PLI,TH)
155 CONTINUE
160 CONTINUE
DO 170 J=JMIN, JH2
PTLI) = (YLU+1I=Y(I1} 7 (YUIe2)=Y{J}}
CONTINUE
DO 190 IsIMINsIMAX
DO 175 JeJMINsJLs2
PLI4L,T) = PLUsI) & PTCU) * (P(J+2,1) = P(JpI))
CONTINUE
00 180 JedSTyuM2,2
PJ4LsT) % POULY + PTLY) * (PLI42,1) = P(Jp 1))
180 CONTINUE
190 CONTINUE

17

=3

w

17

USE EXTRAPOLATION FOR JLOWy JUP

Dl = Y(JLOW) = Y{JLOwW=1)

D2 = Y(JLOW=1} = Y(JLOW=2}

CLl = (D1 + D2) /7 D2

CL2 = D1/D2

Dl = Y(JUP+l) = Y(JUP)

02 = Y(JUP$2) = Y(JUP+1)

Cul = (01 + 02} 7 02

Cu2 = Dl 7 D2

00 200 I = IMIN, IHAX

POJUP,I) = CUT*PIUIIP41s1) = CU2#PIJIUP#2,1)

P(JLOW, I} = CLLI#P(JLOW~1,1) = CL2*P{JLOW=2,1)
GC  CONTINUE

RETURN

END

SUBROUTINE RESET
SUBROUTINE RESET UPDATES FAR FIELD BOUNDARY
COND1TIONS FOR SUBSONIC FREESTREAM FLONSs
CALLED BY = SOLVE.

COMNON P(102,1011,%X(100) , Y{100)

COMMON / COMY/ IMIN » IHAX » TUP » IDOWN s ILE
1 1TE » JHIN » JHAX » JUP » JLOW
2 JTOP s JBOT

COMMON / CONM2/ AK » ALPHA » DUB » GAML » RTK

LOGICAL ABORT

COMMON / COM3/ IREF » ABQORT Icut » KSTEP

»
COMMON /CDH247 DTOP(100)s DBOT(100),DUP{100), DDAWN(100},
1 VTOP(100)s VBOT(100)sVUP(L00), VDOWN(LOO}
INTEGER BCYYPE

COMMON 7COM287 BCTYPE » CIRCFF , FHINV , POR » CIRCTE
SET BOUNDARY CONDITIONS AT UPSTREAM AND DOWNSTREAM
ENDSo
K = JHIN = KSTYEP

00 10 J = JMIN,JMAX

K = K + KSTEP

IF (J «EQa JUP) K = K ¢ KSTEP = 1
PUJyIMIN} « CIRCFF®VUP(K} + DUB4DUP(K)
P{JyIMAX) « CLRCFF#VDOWN(K) ¢ DUB*DDOWNI(K}

10  CONTINUE

IF(BCTYPE 4NE« 1) GO TD 25
UPDATE BOUNDARY CONDITIONS ON TOP AND BOTTON
K = IMIN = KSTEP
00 20 I « [MIN,IMAX
K = K ¢ KSTEP
PUJHMIN, I) « CIRCFF®VBOT(K) + DUB#DBOT(K)
P(JMAX, 1) = CIRCFF®VTOP(K) ¢ DUB*DTOP(K)

20 CONTINUE

25

RETURN
END

»

REFINE
REFINE
REFINE
REFINE
REFINE
REFINE
REFINE
REFINE

REFINE.

REFINE
REFINE
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REFINE

REFINE
REFINE
REFINE
REFINE
REFINE
REFINE
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REFINE
REFINE
REFINE
REFINE
REFINE
REFINE
REFINE
REFINE
REFINE
REFINE
REFINE
REFINE

RESET
RESET
RESET
RESET
RESET
BLANK
Cconl

CconL

CcomML

com2

COn3

£omn3

camz24
COH24
COH23
CoMz28
RESET
RESET
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RESET
RESET
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RESET
RESET
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SUBROUTINE SAVEP

SAVEP MOVES DATA INTO OLO DATA LOCATIONS AND
WRITES 1T ON TAPE3 IF REQUESTED.
CALLED BY =~ TSFOIL.

COMMON P(10251011,X(100} ,» Y{100)

COMMON / COMLZ IMIN » IHAX » TUP » IDOWN s ILE .
IT1E » JHIN s JHAX » JUP s JLDW ’
JT0P » JBOT

COMMON /7 COM2/ AK » ALPHA » OUB » GAML » RTK

LOGICAL ABORT

COBMON 7 COM3/ IREF » ABDRT » ICUT » KSTEP

LOGICAL AHESH

COMMON / COM4/ XIN(LOO) » YINL100), AMESH

COMMON / COHM6/ FLI10C) » FXLC1UQ), FULL0G) » FXULLOU),

1 CAMBER(100), THICK{1OU},VOL » XFOIL(1U0)» IFOIL
INTEGER PSTART

LOGICAL PSAVE

CONMON /COM1l/ ALPHAD , CLOLOD » DELTAD , DUBO s EMACHD
1 1AINO s IMAXD » IMAXI » JHINO , JMAXO ’
2 FLYYA) » PSAVE » PSTART , TITLE(9)}, TITLEOtG),
3 voLo » XOLD(103),YOLD{100)

COMMON /COM12/ F » H > HALFPL » PI s RTKPOR
1 TWOPI

L0GICAL PHYS

INTEGER PRTFLO  » SIHDEF

COMMON /7COM2T/ CL » DELTA » DELRT2 » EMACH s EMROOT

PHYS » PRTFLO » SIMDEF » SONVEL s VFACT s

2 YFACT

INTEGER BCTYPE

CONMMON /CON28/ BCTYPE  , CIRCFF » FHINY » POR » CIRCTE

RESEZT PARAMETERS SCALED IN SUBROUTINE SCALE.
ALPHA = ALPHA * VFACT
H s H ¥ YFACT
POR = PDR / YFACT
DO & J=JMIN, JHAX
YIR(J) & YINUJ) * YFACT
CONTINUE
IF (ABORT) RETUKN
MOVE RESTART DATA TO OLD BLOCK.
D0 10 I=1,€
TITLEDCI} = TITLE(D)
CONTINUE
IMING = IMIN
JHING = JHIN

IMAXD e 1hAX
JMAXD = JHAX
CLOLD = CL
EMACHD = EHACH
ALPHAQ = ALPHA
OELTAD = DELTA
vOLO = VOL
DuBD = DUB

00 20 I=IMINGsIHAXD
XoLotIy = x(r)

20 CONTINULE

30

4

o

DO 30 J=JMIND, JMAXD
YOLD{Y) = YIN{J)

CONTINUE
CHECK TO SEE IF RESTART IS TO BE WRITTEN ON
TAPE3 .
IF { +NOTe PSAVE) GO TO 100
CONTINUE

WRITE {3,900) TITLEO

WRITE (3,901) IMAXO, JMAXO, IMINO, JMIND

WRITE (3,902) CLOLD » EMACHO, ALPHAOD, DELTAO» VOLOs» OUBD
WRITE (3»902) (XOLD(IL)sI=IMINQ,IMAXD)

WRITE (3,902} (YOLD{J),J=JNIND, JHAXOD)

DD 50 I=IMINO, INAXO

WRITE (3,902) (PU{J,I}rJ=JHING, JHAXD)

50 CONTINUE
100 CONTINUE

900

RETURN
FORMAT(2AL0)

S0L FORRMATLALS)
902 FORMAT(8FL046)

END

SAVEP
SAVEP
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SAVEP
SAVEP
SAVEP
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SUBROUTINE SCALE

SUBROUTINE SCALES PHYSICAL VARIABLES TD TRANSONIC
VARIABLES,.
IF PHYS = oTRUEss ALL INPUT/ODUTPUT QUANTITIES ARE IR
PHYSICAL UNITS NORMALIZED BY FREESTREAM VALUES AND
AIRFOIL CHORDe THIS SUBROUTINE THEN SCALES THE
QUANTITIES TG TRANSONIC VARIABLES BY THE FOLLOWING
CONVENTION .

SIMDEF = 1 COLE SCALING

SIMDEF » 2 SPREITER SCALING

SIMDEF = 3 KRUPP SCALING

SIHDEF = 4 UYSER CHOICE
IF PHYS =« (FALSEs» INPUT IS ALREADY IN SCALED
VARIABLES ARD NU FURTHER SCALING IS DONE
CALLED BY = TSFOIL.

COMHON PL102,201),K(100) » Y{100)

COMMON / COM1/ IRIN » IHMAX s LuP » IDOWN 5 ILE ,
1 ITE » JMIN » JHAX » JUP » JLOW »
2 JT0P » JBOT

COMHON / COH2/ AK » ALPHA , DUB » GANL s RTK

LOGICAL AMESH

COMMON / COM4/ XINU100) , YIN(10O), AMESH

INTEGER PSTART

LOGICAL P SAVE

COMMON /COMLL/ ALPHAD » CLOLD » DELTAD , OusQ » EMACHD o
1 IMIND » IMAXC , IMAXI o JAIND s JHAXD »
2 JHART » PSAVE » PSTART , TITLE(B), TITLED(8),
3 vyoLo s XOLD(100),YOLD(103)

COHMON sCOM12/ F » H » HALFPL » PIL + RTKPOR
1 TWOPL .

CORMON /COM13/ COFACT » CLFACT 5 CHFACT » CPFACT » CPSTAR

LOGICAL PHYS

INTEGER PRTIFLOD s SIMDEF

COMMON 7COM27/ CL » DELTA » DELRT2" , EMACH » EMROOT »
1 PHYS » PRTFLO , SIHOEF , SONVEL » VFACT ’
2 YEACT .

INTEGER 8CTYPE

COMMON 7CDM2B/ BCTYPE » CIRCFF » FHINV » POR » CIRCYE

IF(PHYS) GO TO 50
PAYS ® oFALSEs NO SCALING
CPFACT = 1.
COFACT = 1,
CLFACT = 1.
CMFACT = 1,
YFACT = 1.
VFACT = 1,
G0 TO 600
PHYS = o+TRUEs COMPUTE CONSTANTS
CONTIRUE
EMACH2 = EMACH#EMACH
BETA = 1o = EMACH2
DELRTL » DELTA*%(1.73,)
DELRT2 = DELTA®¥(2473,)

BRANCH TOQ APPROPRIATE SCALING
GO TO (100,200,300,400), SIMDEF

SIMDEF = 1
COLE SCALING
CONTINUE
AK = BETA/DELRT2
YFACT = 1./DELRTY
CPFACT = DELRT2
CLFACT « DELRTZ
CDFACT = DELRT2¢DELTA
CHMFACT = DELRT2
VFACT = DELTA#57,295779
G0 10 500
SIMDEF = 2
SPRELTER SCALING
CONTINVE
EMROOT = EHACH®*(2.4/3,)
AK = BETA/(DELRT2*EMROOT#ENROCOT
YFACT = 1o/(DELRTL*EMROOT)
CPFACT = DELRT2/EMROOT
CLFACT = CPFACT
CHFACT = CPFACT
COFACT = CPFACT®DELTA
VFACT = DELTA#57.295779
6a T0 500
SIMDEF = 3
KRUPP SCALING

SCALE

SCALE
SCALE
SCALE
SCALE
SCALE
SCALE
SCALE
SCALE
SCALE
SCALE
SCALE
SCALE
SCALE
SCALE
SCALE
SCALE
SCALE
SCALE
SCALE
SCALE

SCALE
SCALE

SCALE
SCALE

SCALE
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COMMON /COM17/ CYYBLC » CYYBLD , CYYBLU
1

CONTINUE

AK = BETA/(DELRT2%EHACH)
YFACT = 1o/{DELRTLI®EHACH®#,5)
CPFACT = DELRT2/{EMACH#*.T5)
CLFACT = CPFACT

CHFACT = CPFACT

COFACT « CPFACT#DELTA

VFACT = DELTA®57.295779

G0 TO 500
CONTINUE
SIHDEF = 4
THLS ADURESS IS INACTIVE
USER MAY INSERT SCALING OF OWN CHOICE
DEFINITION FOR LOCAL MACH NUMBER MUST BE ADJUSTED
IN EMACHI.
WRITE(6,1000)

FORMAT(34HLABNORMAL STUP IN SUBROUTINE SCALE/
24H SIMDEFe4 IS NOT USEABLE)
STOP
CONTINUE
SCALE Y MESH
YFACIV = 140 / YFACT
D0 502 JuJHIN,JMAX
YINC(J) = YINCJ) & YFACIV
CONTINUE
IF (PSTART +EQ« 1) GO TO 505
DO 504 J=JBINO,JHAXQ
YOLO(J} = YOLO(J) * YFACIV
CONTINUE
CONTINUE
SCALE TUNNEL PARAMETERS
H o HIYFACT
PGR = POR*YFACT

SCALE ARGLE OF ATTACK
ALPHA = ALPHA/VFACT

CONTINUE
CHZCK VALUE OF AK FOR DEFAULT.
IF (AK oEGs 0¢J} CALL [NPCRR (7]
COMPUTE SQUARE ROOT OF AK
RTK = SORT{ABS(AK))
COMPUTE SUNIC VELOCITY
IF (ABS(GAM1)«GT4e00CL) GO TO 999
SONVEL=1,
CPSTAR=C,
RETURN
CONTINUE -
SONVEL = AK / GAML
CPSTAR » =2,0 * SONVEL ¢ CPFACT
RETURN
ERD

SUBROQUTINE SETSC
SUBROUT{NE SETBC SETS TAE LIMITS ON RANGE QF I AND J
FOR SOLUTION OF THE DIFFERENCE €QUATIONS,
THE BODY SLOPE BOUNDARY CONDITION AT THE CURRENT
X MESA POINTS ON THE BODY ARE MULTIPLLIED BY MESH
SPACING CONSTANT3 AND ENTERED INTO ARRAYS FXUBC AND
FXLBC FOR USE LN SUBROUTINE SYOR.
CALLED BY =~ TSFOIL,

COMNON P(102,101),X{100) , Y{100)

COMMON /7 COHM1/ IMIN » [HAX » IUP » IDOWN » ILE »
ITE » JHIN » JHAX » JUP » JLOW »
Jrop » JBOT

COMMON 7 COHM2/ AK » ALPHA » DUB » GAM1 s RIK

LOGICAL ABORT

COMMON 7 CUM3/ IREF » ABORT » ICUT KSTEP

COMMON 7 COHo/ FL(100) » FXL{10D), FU{100)
CAMBER(100), THICK(100),VOL

’
» FXull00},
» XFOIL{(100), LFOIL
» CYyYBUC , CYvaud
cyreuy sFXLBLI200), FXUBCL190)
INTEGER BCTYPE :
COMMON /COM287 BCTYPE s CIRCFF 5 FHINV » POR » CIRCTE
SET LIMITS ON I AND J INDICIES
INT = 0
IFUAK o«LTe Qo) INT = 1

"

SETBC
SETBC
SETBC
SETBC
SETBC
SETBC
SETAC
SETBC
SETBC
8L ANK
COH1
COML
com
conz
COM3
Ccon3
cone
COMs
cam?
comMly
conze
cam2y
SETBC
SETBC
SETBC
SETBC

—-
WRNLWNLNURNPERNNOOE NN SWR

coe

ne

ao

‘¢

c

IUP = IMIN ¢ 1 + INT

IDOWN = IMAX = 1 + INT

JINT = 0

IF(BCTYPE 4EQu 1 oANDe AK oGTs 0o} JINT = 1

TF({BCTYPE ¢EQs 3) JINT w 1

IF(BCTYPE +€Qs 5 oANDe POR oGTe Llo5) JINT = 1

JBOT = JHIN + JINT

JTOP = JMAX = JINT
AIRFOIL BODY BOUNDARY CONDITION
ZERD ELEMLNTS IN ARRAYS FOR UPPER AND LOWER BQDY
BOUNDARY CONDETIONS

DB 30 T = IMINsLHAX

FXLBC(I) = Q.

FXUBC(1) = Qs

30 CONTINUE

ENTER BODY SLOPES AT MESH POINTS ON ALRFOIL
INTO ARRAYS FOR BODY BOUNDARY CONDITIONS

IFCIREF oLEs 0) KSTEP = 1

IFIIREF oEQe 1) KSTEP = 2

IFCIREF oEQe 2) KSTEP = &

NFOIL = 1TE = ILE ¢ 1

IF = IFOIL + KSTEP

I = ITE ¢+ 1

PO 50 N = 1,NFOLL

I = 1-1

IF » IF ~ KSTEP

FEXLBCUL) = CYYBLU(FXL(IF) = ALPHA}

FXUBC(I) = CYYBUD*(FXU(IF) = ALPHA)

50 CONTINUE

RETURN
END

SUBROUTINE SIMP{R,XsYsN,IER)
SUBROUTINE TO INTEGRATE BY SIMPSONS RULE.
CALLED 8Y 80DY.

DIMENSION X{N}sY{N)

Ru040

.
TF(NsGT41) 60 TO 1
Re2

RETURN
IF(X{1}.EQex{2}) GO TO 12
NHleN-1
IF(NeEQ.2) 60 TO 13
IF(X{1)elTex(2)) 60 YO 3
TEST FOR X TO BE MONOTONICALLY DECREASING
00 2 Ie2,NHL
IF(X(I+1}eGEaXtI}) GO TO 12
2 CONTINUE
GO 70 5
TEST FOR X TO BE MONOTONICALLY INCREASING
3 D0 & [e2,NH1
IF(X(I41)eLEeX(I)) GO TO 12
CORTINUE
Nh2=N=2
IF{HOD(Ns2}eEQeD} GO TO 14
Pa0.C
Nl=1
S1=X{N141}=X{N1)
S29X(N142)-X{N1+1)
S3=X(NM1)=-X{NH2)
S4=X{N)=X{NN1)
Fu (24451002451 852=52442)/S10Y (NL)4(2%54432453454=530€2) /S4%Y(N)
Nl=N1+41
DO 7 I=NlyNH1,2
Slax{I)=XtI=1)
S2ax(I4lt=xeI}
RER$(S1452)%#37{51¢52)#Y(I)
1F(NeLTe5) G0 70 9
Nl=N1+1
00 6 I=N1,NM2,2
Slex(L=1)=X(I=2)
S2eX(I)=x(I~1)
S3=X(I+414=X(I)
Seax{[+2)=X(I1+1)
ROR4{ (2952442451952 =51%%2) /S24(24#53%%2453454=54442) 7SI)eY{])
RaR/b6e4P
CONTINUE
IERs1
RETURN

-
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com

SETBC

SETBC
SETBC

SETBC
SETBC
SETRC
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1%

on

Ao

12

1ERe4
RETURN

TRAPEZOLDAL RULE FOR Ne=2

13

FIT POLYN

14

COMMON P(102,101),Xi100}
COMMON /7 COAMl/ IHIN » IMAX ’
1TE » JAIN »

2 JT0P » JBOT
COMMON 7 COUM27 AK » ALPHA  »
LOGICAL ABORT

COMMON 7 COM3/ IREF » ABORT
COMMON / COMTZ/ CJUP » CJUPL  »
COMMON 7 COMB/ CVERGE  » DVERGE
1 wE(3) » EPS
COMMON 7CON13/ CDFACT  » CLFACT o
LOGICAL QUTERR

COMMON 7COH1B/ ERROR s 11 »
1 DUTERR  » EMU(1UU>2)

1
COMMON /COM257 CPLEL00) » CPULICLO}

o

~o

Re{X(2)=X (L)) *{Y(1)4Y(2)1/240
60 T0 10

Sl=Xx(2)=X(1)
S2eX{3)=X(1)
$3=Y(2)=Y(1)
S4=Y(2)=Y{1)

1
OMIAL THRU FIRST 3 POINTS AND INTEGRATE FROM Xi1) TO Xi2)e

PeSL/6eW 24953464 %Y (1)4(S26#2253=51442454)/(S2#(52=51)))

N1=2
G0 TO &
END

SUBROUTINE SOLVE

SOLVE CONTROLS THE MAIN ITERATION LOOP.

CALLED BY = TSFOIL.

» DCIRC

L]
COMMON /CDM22/ CXC(100) » CXL{100)s CXRU10C), CXXC(100),CXXL{100),

CXXR(100)s CLU100}

INTEGER 8CTYPE

COMMON 7COM28/ BCTYPE  » CIRCFF
COMMON /COM32/ BILGRL » IRL
COMMON 7COM33/ THETA(107,100)

REAL LIFT
DATA NOUB / 25 /

ABDRT » oFALSE.
WRITE(65600)

IF (IREF «EQs 2) MAXITH = HAXIT /

IF (IREF oEQe @) MAXITHM = MAXIT
KK = 3 = IREF

IF (KK oEQe 1) WRITE(L,607)

IF {KK o«EQs 2} WRITE(6,608)

IF (KK «€Ge 3) WRITE(6s009)

WEP » WE{KK)

Wl = 1.0 7 WEP

WRITE (6,606) WEP» EPS» MAXITH

WRITE{6,601)
DO 1 ITER = Iy HAXITH

INITEALIZE EMU
I1=1
I2e2
00 5 JeJMIN,JMAX
POLD(Js I2) = PUJ4,IUP~1)
EMULI,12) = 040
CONTINUE

IF ( AK +GTe 049 ) GO TQ 7
D0 6 JsJHINy JMAK

EMULJ, 12} = C1(2)

CONTINUE

CONTINUE

DUTERR®oFALSEs

IF(MODCITER, IPRTER) oEQs O} DUTERR®4TRUE.

Y(100}
IUP
JEAX
pus
IcuT
CJLOW
IPRTER
CHFACT

12

-

IDOWN  » ILE
JuP » JLOW

GAML » RTK
KSTEP

CJLonl

HAXIT  »

CPFACT » CPSTAR

IERROR , JERROR
ver1a0 »

» POLDI100,2)

»
»

4
IF (IREF oEQs 1) MAXITH = MAXIT 7 2

FHINY
JRL

POR » CIRCTE

»

SIHP
SINP
SInP
SIHP
Sknp
sIne
SINHP
sinp
S1HP
SINP
Sinp
SIHP
SINP
SINHP

SOLVE
SOLYE
SOLVE
SOLVE
BLANK
coML
COMl
COHl
com2
cam3
COH3
cony
came
cons
com3

camnla
conr 8

coM2s
con32

ANNERRNBLBRVLPWRNRNPRINGRNSBRNNY 2O

ERROR=0.0
BIGRL = 0.0
C UPDATE PJUMP,
CALL RECIRC
CALL SYDR
< UPDATE CIRCULATION FOR SUBSONIC FREESTREAM FLOW

IF € AK +LTs 0.0 ) GO TO 10
IF {BCTYPE «KE. 1) GD TO 9

IK = JUP =~ HIN
DO 8 I=1uP,IDDWN
IK = [K ¢ KSTEP
JK = JBOT = JMIN
DO 82 J=JBOT,dT0P
JINC = KSTEP
IF (Y(J) LT,
JK = JK + JINC
P{dsE) = P(J,1} ¢ DCIRC
82 CONTINUE
8 CONTINUE
9 CONTINUE
CEvasne
IF [MOD{ITER,NDUB)
Conmnsé
CALL RESET
CONTINUE
IF(OUTERR)
60 T0 1
2 CONTINUE
CL = LIFT (CLFACT)
CH = PITCH (CMFACT)
ERCIRC=ABS(DCIRC)
CPMAXL=040
CPHAXU=040
DO 14 IsILE,ITE

Ue0 o ANDo

oEQe

1

o

G0 TO 2

Y{J41) +6Ts 04D) JINC = 2 ® KSTEP = 1

* THETACJK, IK)

01 CALL REDUB

UL=CJLOWOPX{1, JLOW)=CJLOWL*PX{I, JLOW=1)

CPOLO=CPLLL}
CPLU{I}o=2,0¢UL®CPFACT
CPERR=ABSICPLII)=CPOLD)

IF (CPERR <LE. CPHAXL) GO TO 12

CPHAXL=CPERR
IERRL=]
1

~

CPOLD=CPULI)
CPULT) ==2,U*UU*CPFALT
CPERR®ABS{CPULL)~CPOLD)

UUsCJUP*PX (1, JUP}=CIUPL*PX( Ly JUP+1)

IF {CPERR +LEs CPMAXU) GO TO 14

CPHAXU=CPERR

TERRU={
14 CONTINUE

WRITE {6s602) ITER, CLs

CH, IERROR, JERROR, ERRORs

1 BIGRLsERCIRCy IERRU, CPMAXUsIERRL, CPMAXL
IF {(ERKOR oLEe CVERGE) GO TO 3
1IF (ERROR +GEo DVERGE) GO TO &

1 CONTINUE
WRITE(6,605)
RETURN

3 CONTINUE
WRITE(6,603)
RETURN

& CONTINUE
ABORT = oTRUE.
WRITE(6,6041
RETURN

600 FORMAT{1H1)

601 FORMATUL1HG LTERATLON» 4X» 2HCL s 9Xp ZHCH»5Xs SHIERR» 2Ko SHJERR) SXs
1 SHERRORp5Xs 3HIRLs 3X5 3HJRL » 6Xs SHBIGRL » 8Xs GHERCIRC» 4Xs 4HICPUS

2 5Xs 6HCPERRU»4X» 4HICPL»5X5 6HCPERRLY)
£02 FORMATI3X» 14»1%s 2F114502165E1304521602E1304»2(169E1304))

603 FORHATU//720Xs34Hesbede
6C4 FORMATI//20X, 33Hekhese
605 FORMAT(//20Xp39Howwesn

SOLUTION CONVERGED
SOLUTION DIVERGED
ITERATION LIMIT REACHED

606 FORMATUL0X,5HWE = FBahy5Xp6HEPS = FBe&s5Xs
1 22HMAXIT FOR THIS MESH = I4)

¢GT FORMATU48X,35HINTERNEDEATE QUTPUT FOR COARSE MESH//)

608 FORBAT(48X,35HINTERMEDIATE GUTPUT FOR MEDIUM MESH//)

609 FORMAT{49X,33HINTERNEDIATE OUTPUT FGR FINE MESH//)

END

IRL»

seeens)
reeen)

shasen)

JRLy

SOLVE
SOLVE
SOLYE
SOLVE
SOLVE
SOLVE
SALVE
S0LvVE
SOLVE
SOLVE
SOLVE
SOLVE
SALVE
SOLVE
SALVE
SOLVE
SOLVE
SOLVE
SOLVE
SOLVE
SOLVE
SOLVE
SOLVE
SOLVE
SOLVE
SOLVE
SOLVE
SOLVE
SOLVE
SOLVE
SOLVE
SoLve
SOLVE
SOLVE
SOLVE
SOLVE
SOLVE
SOLYE
SOLVE
SOLVE
SOLVE
SOLYE
SOLVE
SOLVE
SOLVE
SOLVE
SOLVE
SOLVE
SOLVE
SOLVE
SOLYE
SOLVE
SOLVE
SOLVE
SOLVE
SOLVE
SOLVE
SOLYE
SOLVE
SOLVE
SOLVE
SOLVE
SOLVE
SOLVE
SOLYE
SOLVE
SOLVE
SOLVE
SDLVE
SOLVE
SOLVE
SOLVE
SOLVE
SOLVE
SOLYE
SOLVE
SOLVE
SOLVE
SOLVE
SOLVE
SOLVE
SOLYE
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SUBROUTINE SPLKL (X»Y,N)

c CALLED 8Y = BODY.
COMHONR /SPLN/ A(200) » B(200} , DY1 » DY2 » K1
1 K2 » XP s YP »20YP

CONTINUOUS OERIVATIVE INTERPOLATION SUBROUTINES
CURFIT COMPUTES CUeFFICIENTS OF CUBICS == A(L)eeeI=ls2#N-2
CeseeosFOR THE WHOLE TABULATED TABLE

c X(I) = INDEPENDENT VARIABLEws 1=1,N {GIVEN}
[ Y{I) = DEPENDENT VARIABLEseessl®l,N (GIVEN)
C N e LENGTH OF Y=-VS-X TABLZ (GLVEN)
¢ Dyl = IST OR 2ND DERIVATIVE AT LOWER END OF TAGLE
c DYZ = 1ST DR 2ND DERIVATIVE AT UPPER END OF TASLE
C Kl = 1 DYL = 1ST DERIVATIVE ({GIVEN}
4 Kl = 2 0YL = 2ND DERIVATIVE (GIVEN)
C K2 = 1 DY2 = 1ST DERIVATIVE (GIVEN)
[ K2 = 2 seseesDY2 » 2ND DERIVATIVE (GIVEN)
DIMENSION X(L)» Y(1}
NleR=2
Clexi2=x{1}
IF (K1 «EQ, 2) 50 TO 4
8(1) = Ua
A(L)=(DY1=(Y(2)=Y(L))/CL)/CL
GO TO £
4 B(l)==Cl
At1)1e=0DY1/2,
5 J=1

IFINJEQ21GO TO 42
00 10 I=1,N1
Jrl4l
CleX(I¢ll~x(1)
C2oX(J42)~x{i+1)
Casy(l+l)=v(I)
CanY(I+2)~Y(I+1)
CE=C3/C1l-Ca/sC2
Ce=Cl/C2
C7=Clac2
B(J)=1.0/1C6*{C1-B{J~1}))
A{J)e(C5/C2=Corald=1])%BLJ)
Je g4l
BLJ)mle0/ ({=C1=C2)/CT=CH¥B(I~1])
ACJ) m(=C5/C?-Cosa{d~111*BLJ)
10 COMNTINUE
IF(¥24EQe2)GJ TG 30
A(J41l)} = (DY2=C4/C2+C2%a(J))/(C2¥(BLI}=C2))

G0 TQ 45
30 ALJ+1)={0Y2/204A0J) ) /1=24%C24B(J})
60 TO 45
4 STATEMENTS 42 TO 44 ARE FOR N=2 ONLY
42 C3eKl
C2=140/C3

IF(K24EQe2)GO TO 44
ALJ4L) = C{Y(2)=Y(1))/CL=A(J}#C2~DY2)/(CL*CLI*C2
GG TO 45

hh ACJ41)0C38((DY24200%A(1)1/(440%C1) )}

45 Ja2#{N=1)

5¢ o=l
IFUJeLEOIRETURN
AfJ) = ALJI-BLII*A(ISL
GO T0 50

<

C ENTRY POINT FOR INTERPOLATION
ENTRY SPLMIX

IF{XPuGTex(1)) GO TO 1)
< SPECIAL CASE FOKk EXTRAPOLATION SEYDND LOWER END OF X-TABLE
Cax(2)=-x11)
DYP=(Y(2)=Y{1))/CeAiL)*C
YPeY{1}+DYP#{XP=X(1)}

RETURN
11 IF(XPeLTeX(N)) GO TU 13 .
< SPECIAL CASE FOR EXTRAPOLATION BEYOND UPPER END OF Y~=TABLE
CoX{N)=X(N=-1}
OYPe{Y(NI=Y{N=L))/C=A{2¢N=3)}#C=A(2#N=2) 4 C4C
YPaY(N)+DYP4{XP=XIN})
RETURN
13 I=1
14 =il
IF(X{I)sLTeXP) GO TO 14
4 NOW XP dAS BZEN BRACKETED SD THAT X{I=1)eLToeXPelEaX(I)
CaXP=x(I=1)
Om=x(I)=XP

1

SPLN1

SPLNL

SPLN1

SPLNLl

SPLNL
SPLNL

SPULNL

SPLNL

SPLN]1

SPLN1
SPLNL

$PLN1
SPLNL
SPLNL
SPLN]
SPLN1
SPLNL
SPLNL
SPLNL
SPLNL

SPLN1
SPLNL
SPLNL
SPLNL
SPLNL
SPLN1
SPLN1
SPLN]
SPLN1
SPLNL
SPLNL
SPLNL
SPLNL
SPLNL
SPLRL
SPLNL
SPLN1
SPLNL
SPLu1
SPLN]
SPLN1
SPLNL
SPLNL
SPLNL
SPLNL
SPLNL
SPLNL
SPLNL
SPLN1

SPLN1
SPLNL
SPLN1
SPLNL
SPLNL
SPLN1
SPLNL
SPLNL1
SPLN1
SPLNL
SPLN1
SPLNL
SPLNL
SPLN1
SPLN1
SPLN1
SPLN1
SPLNL
SPLN1
SPLNY
SPLN1
SPLNL
SPLN1
SPLNL
SPLNL
SPLNL1
SPLN1
SPLNL
SPLNL
SPLN1
SPLN1
SPLNL
SPLR1
SPLNL
SPLNL
SPLNL
SPLNL

o

Ke2#[=3

SLOPEs{Y(L}=Y{I-1})/(X(I)=X{=1))

YPaY(I~114(SLOPE+(A(K)+ACK4L}#C)¥D)aC
DYP=SLOPE+ACKI#{DuC) ¢ALK+1) % (2,#D=C ) %C

RETURN

END

SUBROUTINE SYOR

SYOR COMPUTES NEW P AT ALL MESH PQIRTS,
CALLED BY = SOLVE,
COMMON P1102,101),X1100) » Yi200}
COMMON 7 COML/ IMIN » IMAX » TUP » LDOWN » ILE ’
1TE s JMIN s JHAX » JUP » JLOW »
2 JTOP s JBOT
COMMON /7 COM2/ AK » ALP4A » DUB » GAHL » RTK
CUMMON / COM8/ CVERGE » DVERGE s IPRTER , MAXIT »
1 WE(3) s EPS
LOGICAL FCR » KUTTA
COMMON /COML4/ CLSET » FCR » KUTTA » WCIRC
COMMON /7COML77 CYYSLC » CYYBLD » CYYBLU s CYYBUC » CYYBUD
1 CYYsuu »FXLBC(100) »FXUBC(100)
LOGICAL OUTERR
COMHON /COM18/ ERROR s I s 12 > LERROR , JERROR ,
1 OUTERR » EMULLVO,2) » VCL100} »
Wl » DCIRC » POLD{1DI,2)
COMMON /COR19/ DIAG(100}, RHS(100}, SUB(10G)s SUP{100)
COMMON /7COM22/ CXC{100) » CXL(L00)» CXR{100)» CXXC(100)}sCXXL{100),
1 CXXR(100}, CL{100)
COMKON /COM23/ CYYC(100), CYYD{1CO)sCYVU(L00}, IVAL
COMHMON /COM26/ PJUNPLL100)
COMHMON /COM32/ BIGRL » IRL » JRL
DIMENSION SAVEL100)
IM2=JuP=1
IFC 4K oLTe 040 } IM2=JUP=2
J1 = yBDT + 1
Jg = JToP - yBOT
DO 200 1=1uPs IDOWN
EPSX = EPS/(IX{I)=X(I=1))*%2)
COMPUTE VC = 1 = M#¢2
DD 10 J=JBOT,JTOP
VOCOJ) = C1UE) = (CXLCID*POLD(JpI2) + CXCUII4P(J5 1)
1 + CXRUIV*P(J,I+1))
EHU{J,I1) = 0.0
POLDCJ, 12} = PUJ, I}
10 CONTINUE
00 20 J=JBLT,JTOP
IF (VCLJ) oLTe 040) EMUCJISIL) = VCUJ)
20 CONTINUE
IF t FCR )} 60 TD 22
00 21 J=JBOT,JTOP
EMUCJ, 12} = ENULY,I1)
21 CONTINUE
22 CONTINuE
COMPUTE ELEMENTS OF MATRIX
00 30 J=JBDT,JTOP
DIAG{J) = (EMULJ,I1) = VCUJ}) * CXXC(T) & yI
1 + ENULL,I2) » CAXR{I=2) = CYYC(J)
SUP(J}=CYYDIJ}
SUBLJI=CYYULY)
30 CONTINUE
COMPUTE RESIDUAL
0G 40 J=480T,JdTaP
RHSLJ) = =(YCIJI=EMUCJpL1) )
1 (CXXL{L) #PUJ,I~1) =~ CXXCCIN#P{J,1) ¢ CXXRUIDOP{Js1+1})
40 CONTINUE

DO 50 J=JBOT,JTOP
RHS () » RHSEJ) = (EMULJST2} * (CXXL{I=1)*P(J, IN2}

SPLNL
SPLN1
SPLNL
SPLNL
SPLN1
SPLNL

ARNUNAYILANBARWRNEANNS BN RO S BN

XIANIddY



1
50 CONTINUE

1
60 CONTINUE

= CXXC{I=1)#P(JpI=1) + CXXR{I=1)*P(Js1)}}

JA = JBOT ¢ 1

4B = JT0P = 1

DO 60 J=JAyJd8

RHS(3) = RHS(J) = (CYYDCJI*P(J=1,T) = CYYCUJI#P(JsI}

+ CYYULJI#P(J4L,10)

RHS(JBOT) = RHS(JBOT) = {~CYYC(JBOT)*P{JBOT,I)
1

+ CYYULJBOT)#P(JBOT+1, 1))
IF (JBDT o£Qe JAIN) 60 TO 61
RHS(JBOT) = RHS{JBOT} =CYYD(JBOTI*P(JBOT=1,1)

61 CONTINUE
RHS(JTOP) = RHS(JTOP) = {CYYD(JTOP)#P{JTOP=1,1)
1

= CYYC(JTOP)#P{JTOP,I}}
IF (JTOP o+EQe JMAX)} GO TO 62
RHS(JTOP) « RHS{JTOP) = CYYULJTOP}I*P{JTOP+2,I)

62 CONTINGE
[4 CHECK FOR AIRFOIL BaCe AND KUTTA SLICEe
IF (1 oLTe ILE) GO TO 80
IF (1 +GTa 1TE) GO TG 70
¢ AIRFOIL By Co
J=dup
DIAGUSI=DIAGLS)+CYYCLIN=CYVBUS
SUPLJ)=040
SUBLJY=CYYBUY
RHS(J)aRHS (I 4CYYDLII#PLI=1s D) =CYYCLS)*PLI, THHCYYULI) *#PLI4L, 1)
1 ={=CYYBUC#P {J,s 1) +CYYBUU#PLJ+1, I) ¢FXUBC(I))
J=JLOW
DIAG(J)=DIAGLJ)4CYYCLSI=CYYBLE
SUP (J}=CYYBLD
SUBLJI=040
RHS {J ) =RHS (I} +CYYOL ) #PEI=1, II=CYYCAI)®PII, [I+CYTUL D) P (J+1, 1)
1 =(=CYYBLC*P(Jp [}4+CYYBLD*PLJ=1, 1) +FXLBC(I})
60 TO 80
KUTTA SLICE CHANGE.
70 CONTINUE i
FHS(JLOW) = RHSUJLOM) ¢ CYYULJLOWI*PIUNPLIY
RHS(JUP) = RHS{JUP) = CYYDLJUP J*PJUNPLT)
82 CONTINUE
¢ INSERT WALL By Ca
IVAL = 1
CALL BCEND
c COMPUTE MAX RESIDUALs
IF ( oNDT. OUTERR) 6O TO 110
00 100 J=JBOT,JTOP
ARHS = ABSCRHS(J))
IF {ARHS +6Te BIGRL) GO TU 90
G0 T0 100
90 CONTINUE
BIGRL = ARHS
IRL = 1
BRL =y
100 CONTINUE
110 CONTINUE
¢
Credavidibass ADD PXT
¢
DO 300 J = JBOT, JTOP
DIAG(J} = DIAGLJ) = EPSX
300 RHS(J) = RHSUJ} = EPSX#(P(J,I=1)~POLDCJ,12)}
¢ SOLVE TRIDIAGONAL MATRIX EQUATION.
DNOH « 1.0 / DIAG(JBOT)
SAVE(JBOT) =SUB{JBUT ) *DONOH
RHS(JBOT) '« RHSCJBOT) ¢ DNOM
00 120 JeJ1,4TOP
DNOM=1e/(DIAGLJ)=SUP(J)#SAVE(J=1))
SAVE(J)=SUB(J) 4DNON
RHS(J) = {RHS{J)=SUP (J) #RHS { J=1) )} #DNDN
120 CONTINUE
00 130 K=lyJ2
J = JTOP = K
- RHS(4) » RHS{J) = SAVE(J) # RHS(J+1}
& 130 CONTINUE

SYOR
SYOR
SYOR
SYOR
SYOR
SYOR
SYOR
SYQR
SYOR
SYOR
SYQR
SYOR
SYOR
SYOR
SYOR
SYOR
SYOR
S5YOR
SYOR
SYQR
SYOR
SYDR
SYOR
SYOR
SYDR
SYOR
SYOR

SYOR
SYOR

SYDR
SYDR

SYOR
SYOR
SYOR
SYOR
SYOR
SYOR
SYOR
SYOR
SYOR
SYOR
SYOR
SYOR
SYOR
SYOR
SYOR
SYOR
SYOR
SYOR
SYOR
SYOR
SYOR
SYOR
SYOR
SYOR
SYOR
SYOR
SYOR
SYOR
SYOR
SYOR
SYOR
SYOR
SYOR

oo

anaoo

coan

140

160

170
180

190
195

20

=3

1c

COMPUTE NEW Pe

DO 140 JaJBOT,JTOP
PUIsI) = PLI L) ¢ RHS(J)
CONTINVE

COMPUTE MAX ERROR

IF ( «NOTs OUTERR} GO TO 180
00 170 4 = JBOT,JTOP

ARHS = ABS(RHS{J))

IF (ARHS .GTo ERROR} 60 TO 163
60 TO 170

CONTINUE

ERROR @ ARHS

IERROR = [

JERROR = J

CONTINUE

CONTINUE

IF (AK «GTs 0e0) GO TO 195

IF UL oNEs IDUWN=1) GO TD 195

SET P{IDOWN+1) = P(IDOWN=1) TD OBTAIN
CENTERED VELOCITY AT IDOWN FOR SUPERSINIC
FREESTREAM FLOW.

D0 190 J=JMINy JMAX
P{JsIDOWN+1) = P{J, IDOWN~1)
CONTINUE

CONTINVE

ISAVE = 12

CONTINUE
RETURN
END

SUBRQUTINE TRAP{ X»YsN»SUN)
INTEGRATE Y DX BY TRAPEZODIAL RULE
N IS THE NUMBER OF (X, Y} POINTS AND SUh 15 THE
RESULTING INTEGRALs
CALLED BY = CDCOLE, DRAG» PITCH» REDUB.

INTEGRAL
DIMENSION X(1),Y(1)
SUM = C,
KMl = N=l

DD 10 I=1,NM1

= Xt{I+1) - x(D)
W ow Y{I+1) + Y(I)
SUM & SUM + I%4
CONTINUE

SUR = 5%5UM
RETURN

END

SUBROUTINE VROOTS

COMPUTE CONSTANTS BETAO,BETAL,BETA2,PSI0»PSI1,PSIZ,

USED IN FORMULA FOR YORTEX IN SLOTTED WIND TUNNEL
WITH SUBSONIC FREESTREAM
CALLED BY = FARFLDa
COMMON 7COM127 F » HALFPI » PIL » RTKPOR
TWOPL
» BETAO
SI1 s PSI2

COMMON /COM15/ B » BETAl , BETA2Z , PSIO
1 P

ERROR = 400001

CALCULATE BETAQ
BETAO = 0.
00 10 I = 1,100

YRODTS
VROOTS
VROOTS
VROOTS
VROOTS
YROOTS
comrz

CcanLz

CONl5

COM15

VROOTS
YROOTS
VRDOTS
YROOTS

VROOTS

WRBRGO WL LN
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9L

10

15

20

25

30

35

<
9999

1000

TEMP = BETAOD
Q = ~F#TEMP + RTKPOR
BETAQ « ATAN(Q)
DBETA = ABS(TEMP =~ BETAQ)
IF(DBETA +LTs ERROR) GO TO 15
CONTINUE
NeoD
GD 7O 9999
CONTINUE

CALCULATE BETAL
BETAL = O
00 20 I=1,100
TEHP = BETAL
Q » ~Fe{TEMP + PI) + RTKPOR
BETAL = ATAN(Q)
DBETA = ABSI{BETALl - TEMP)
IF(DBETA «LTe ERROR) GO TO 25
CONTINUE
Nl
G0 TO 9999
CONT INVE

CALCULATE BETA2
BETA2 = Q.
00 30 I=1,100
TERP = BETAZ
Q = =F4{TEMP = PI} + RTKPOR
BETA2 = ATAN(Q)
DBETA = ABS(BETAZ - TEMP)
IF(DBETA oLTe ERROR) GO TO 35
CONTINUE
N = 2
GO0 TO 9999
CONTINUE

COMPUTE PSIO»PSI1,PSI2
TEMP = TANUBETAD)

PSIO » (le ¢ F/U(ls ¢ TEHPHTENP))
PSIO = 140 / PSIO
TEMP = TAN(BETAL)
PSIL = (le ¢ F/(le¢ TEMP*TENP))
PSI1 = 1,0 / PSI1
TEMP = TAN(BETA2}
PSIZ » tle ¢ F/(Lle + TEHPHTEMP)}
PSI2=1.0/P512
RETURN

ABNORMAL STOP IF ITERATIONS FOR BETAS DID NOT CONVERGE
CONTINUE

WRITE(6,1000) N

FORMAT(35HLABNORMAL STOP IN SUBROUTINE VROOTS/
1 3J7HONONCONVERGENCE OF ITERATION FOR BETA, I1)
sTop

END

VYROOTS
VROOTS
YROOTS
YROOTS
VROOTS
YROOTS
VROOTS
VROOTS
VROOTS
VKOOTS
VROOTS
VROOTS
VROOTS
yROOTS
VROOTS
VROOTS
VROOTS
VROOTS
VROOTS
VROOTS
VROOTS
VROOTS
VROOTS
VROOTS
VROOTS
VROOTS
YROOTS
VROOTS
VROOTS
VRAOTS
VROOTS
VROOTS
VROOTS
VROOTS
VROOTS
VROQTS
VROQTS
VROOTS
VROOTS
VROOTS
VROGTS
VROOTS
VROOTS
VROJTS
VROOTS
VROOTS
VROOTS
VROOTS
VROOTS
VROOTS
VROOTS

XIGNAdAY
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